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Introduction
Until recently, scholars have portrayed the history of Spanish agriculture as a
backward sector that has failed to live up to its key economic role in Spain’s
development (Pujol et al. 2001). This view goes back to the agrarian crisis in the
late nineteenth century. The “Agrarian Question” (Acosta et al. 2009) emerged,
associated with the 1898 restoration crisis and growing awareness of “Spain’s
decadence.” Until the late 1980s, the predominant narrative in Spain’s economic
historiography was that agrarian production was lagging, submerged into deep
lethargy or a long siesta (Simpson 1997). Historians overwhelmingly subscribed to
the paradigm of continuous economic growth. They questioned whether agriculture
had fulfilled its historical role in the country’s development, a role assigned to it by
prevailing economic theories. The majority believed it had not, and a wide range of
explanations were advanced, spreading a pessimistic understanding of agrarian
development and the rural world. The sector was marked out as an obstacle to
Spain’s modernization, thus distancing the country from the rest of Europe and
from developed countries generally.1
Improvements in agrarian macroquantities from 1960s onwards and Spain’s
incorporation into the European Economic Community (1986) established a new
scenario, where Spanish agriculture seemed to have taken the path of “modern-
ization” once and for all. These developments coincided with a new generation of
agrarian historians, the majority of whom adopted conventional economic
approaches. Fresh studies in the field and the fact of including the sector’s dynamics
over the last decades brought about less pessimistic accounts. Different approaches
were used to examine the past and a more positive image of Spanish agriculture’s
trajectory since the late nineteenth century was advanced (Garrabou 1985; Garrabou
and Sanz 1985; Garrabou and Barciela 1986). The idea that Spain’s limited
industrialization was due to backwardness was definitively set aside following the
publication of Pozo de todos los males (the “Well of all evils”), almost two decades
ago (Pujol et al. 2001). In hindsight, the path followed by Spanish agriculture no
longer seems abnormal.
1A detailed description of this debate can be found in Acosta et al. (2009).
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This historiographic renewal has shed a positive light on Spain’s agrarian past, in
direct contrast with traditional views. The underlying theoretical assumptions,
however, have remained unaltered. Although the main writings by agrarian econ-
omists date back to the 1950 and 1960s, economic historians still query agricul-
ture’s contribution to economic growth. Agrarian historiography continues to be
trapped in economic approaches that have barely evolved. It is acknowledged that
the role played by agriculture depends on different countries’ specific environ-
mental, cultural, and institutional conditions; the expectation, however, is that this
role be significant and that agriculture actively cooperates with other economic
sectors. Agriculture’s contribution is thus assessed based on its provision of food
and raw materials, the transfer of capital, the transfer of labor, and the market
participation of industrial goods and services.
A generally positive balance has been drawn based on these criteria.2 However,
as we shall see, there have been far from beneficial effects for the sector itself.
Contemporary Spanish agriculture followed a coherent model of transformation
given the resources it was allocated; though its ensuing sector results cannot be
compared to that of other countries, agriculture underwent reasonable growth
(Clar et al. 2016). In terms of food and raw material supplies, production growth
superseded population growth during the twentieth century, ending all famine and
subsistence crises and improving diets. This growth is linked to other changes, such
as the nutritional transition, which put an end to traditional consumption defi-
ciencies of meat and dairy products and led to significant improvements to living
standards (Collantes 2016).
There were further implications. Successive increases in agricultural productivity
turned the country into a net exporter of agricultural products and food, signifi-
cantly contributing to the favorable balance of foreign trade. Without this contri-
bution, it would have been much more difficult to finance the import needs proper
to a developing country. After a period during which, due to the Franco regime’s
economic policies, commercial activity declined drastically or was in deficit,
agrarian trade surplus recovered in the 1980s and continues to be one of the most
important chapters of foreign trade today included within the agri-food industry.
Regarding the transfer of resources to other economic sectors, the terms of trade
seemingly only began to deteriorate, that is, to produce an effective transfer of
resources, until well into the 1960s. According to calculations by Prados (2003),
terms of trade remained stable until then. However, the agricultural sector’s role as
a market for industry was considered insufficient during the first sixty years of the
twentieth century because capitalization levels were low. Nonetheless, things
changed with the massive incorporation of external inputs and income increases
that permitted the agrarian population to demand other types of non-food goods. In
this respect, the agrarian sector started to fulfill expectations from the 1960s
onwards. Regarding the sector’s contribution to labor transfer to industry and to
2In line with recently formulated theses based on neoclassic orthodoxy by G. Federico Feeding the
world. An Economic History of Agriculture, 1800–2000 (2009), that considers the history of
agriculture on a global scale as an “extraordinarily successful history.”
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urban economic activities generally, two periods must also be distinguished. Until
well into the 1950s, given the country’s low industrial development, rural exodus
had not been a major phenomenon. This exodus even came to a halt in the
immediate postwar period. There were, for a fact, positive emigration balances in
the 1920s, when labor productivity increased and the active agrarian population
began to fall. But it would take some time, until the mid-fifties, for a massive
population transfer to begin. The phenomenon reached its peak in the 1960s and
persists today. This exodus not only took place from the countryside to the city, it
also spurred foreign emigration first to Latin America and then to Central Europe.
Moreover, these migratory flows are all valued positively not only because they fed
the expanding industry’s growing demand for labor, but because they reduced
agricultural labor supply and thereby stimulated mechanization. Finally, regarding
capital supply, the greatest fiscal pressure that seems to have been exercised on the
agrarian sector until the Civil War was clearly capital transfer. This pressure may
not have been very intense, but it was deeply unfair, as family farms were taxed
more than big landowners (Vallejo 2001). Abad and Naredo (1997) highlighted the
agrarian sector’s role in financing industry and construction during the early stages
of Francoism a long time ago. However, agriculture’s industrialization led to
heightened financing needs that could not be met by falling agrarian income. This
explains why the agrarian sector has become a net borrower of capital in recent
decades. In short, the discourse of mainstream Spanish economic historiography
regarding the agricultural sector’s evolution and its contribution to Spanish eco-
nomic growth can be summed up as follows: “… The agrarian sector was char-
acterized by two diverging tendencies: it was not dynamic enough to be the key
driver of the industrialization process; but it was not static enough to explain the
slow pace of Spanish industrialization” (Clar et al. 2016, 200). According to this
narrative, Spanish agricultural growth could have been stronger and more intense,
but it was limited by environmental and institutional constraints. The publication of
Pozo de todos los males (González de Molina 2001) was a wake-up call on the
importance of environmental aspects that also led to the criticism of economic
growth (Naredo 2004), thus helping to understand Spain’s “ecological uniqueness”
in Europe. Specific ecological conditions have made it necessary to build costly
infrastructures to extend irrigated lands in Spain (Cazcarro et al. 2015). Additional
costs have been incurred for commercial activity and the settling of populations in a
country that is extremely mountainous (Simpson 2002). These costs have naturally
prevented Spain from achieving land productivity levels comparable to that of more
northern European countries. Environmental conditions have helped to highlight a
feature of Spanish agriculture that has so far been overlooked: its dual and divergent
structure, as it is split between the interior’s rainfed lands—that generate low yields
and are unable to compete in agricultural markets—and highly productive flatlands,
located especially in coastal areas, with access to irrigation. Spain’s environmental
uniqueness thus helps to understand the country’s slow and belated agricultural
growth (Clar et al. 2016, 166), i.e., that of its industrialization process. The essence
of the narrative remains, nevertheless, unchanged.
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According to this narrative, Spanish agrarian growth also underwent institutional
restrictions, deriving from its abnormal and unequal distribution of land ownership
as well as the weakness of the State’s role and economic policies. From this
perspective, unequal distribution of land ownership discouraged mechanization,
creating a large group of small landowners with no investment capacity and a pool
of plentiful and cheap labor that discouraged landlords from adopting mechanized
technologies. This phenomenon was more intense in the southern half of the
Peninsula, where there was greater inequality (Carmona and Simpson 2003).
Peasants were less able to build up savings, which in turn would have delayed the
emergence of a “modern financial system” in rural areas (Clar et al. 2016, 169) and
made it difficult to obtain credit to finance the sector’s modernization. According to
Pinilla and Ayuda (2009), Spanish agriculture faced a capital cost problem. In the
same way, unequal distribution of agrarian income meant that a minority of the
rural population demanded luxury goods while the vast majority demanded basic
goods, and there was little room for the demand of other types of goods.
As for the State’s role, poor public spending on irrigation infrastructure or new
technologies has been explained by a regressive tax regime that maintained con-
siderable fiscal pressure on agriculture (Vallejo 2015) while investing little in the
sector (González de Molina 2001). It has also been pointed out that farmers lacked
support between the postwar period until Spain’s entry into the European Economic
Community, when things changed. The Common Agricultural Policy is therefore
generally viewed as positive.
The fact is, in mainstream historiographic thought, the acknowledging envi-
ronmental constraints has not led to putting the economic growth model into
question. It has only led to explaining the slowness of agrarian transformations or
the material impossibility to achieve yields and productivity similar to that of
central or northern European countries. As described above, recognizing Spain’s
specific environmental conditions has mainly led to understanding Mediterranean
uniqueness and the importance of irrigation to overcome low yields proper to
rainfed lands. It is therefore unsurprising that the study of water and its repercus-
sions on agriculture draws interest. In this sense, the analysis of irrigation water
management has focused more on contributions to agricultural growth than on the
effects of the industrialization process on this fund element. This also explains why
Spain’s “school” of water footprint and/or virtual water has been relatively suc-
cessful. It barely takes into account the connections between water consumption
and agroecosystems’ structural allocation, as if it were unlimited (e.g., see Cazcarro
et al. 2015; Duarte et al. 2014).
Historical discourse has addressed the environment issue in a peculiar way: The
subject of the environment has not permeated the heart of agrarian growth discourse
and the role of agriculture in the country’s economic development. José Manuel
Naredo (2004) denounced this long ago, and we largely agree with this author. It is
not enough to incorporate some environmental variables into the narrative. Taking
into account the environment means that underlying assumptions concerning
agriculture’s contribution to economic development need to be challenged.
Moreover, the valuation language used in conventional economics, that has
viii Introduction
prevailed in Spanish agrarian historiography, needs to be called into question. The
authors of the present book do not regard environmental limitations as limitations as
such, but rather as specific features of Mediterranean agroecosystems. We do
believe, however, that inequalities in agrarian income distribution played a key role
in the sector’s dynamics. Both social and environmental restrictions, rather than
delaying agricultural growth, essentially explain the dynamics of Spanish agroe-
cosystems during the twentieth century. We shall return to this later.
Paradoxically, this conventional narrative coincided with the arrival of major
crude realities that challenge the future viability of the past century’s prevailing
industrial agriculture model. The agrarian sector has lost its relative importance in
the GDP and employment. Furthermore, the “agrarian question” has arisen again
with new problems: new forms of inequality relating to access to land and agrarian
income; environmental problems; recurrent crises because of a specialization model
that is heavily dependent on input prices; the redefinition of agriculture’s role in
economic development; the foreseeable effects of climate change, etc. Together,
these phenomena call prevailing conventional approaches into question. But per-
haps it is the current world food crisis, an epiphenomenon of the global economic
crisis, that is eroding the very foundations of industrial agriculture and its adoption
as a universal model of growth and welfare.
Although production levels have in fact been more than sufficient to feed the
whole of humanity, hunger and malnutrition not only persist but have increased in
absolute terms; despite the efforts of international agencies, food insecurity has
increased, partly due to the destruction of peasants’ livelihood production; rural
poverty continues to be endemic in neighboring countries; in “developed” coun-
tries, the profitability of agricultural activity has declined, driving an ever bigger
share of the population out of the sector. All this is occurring despite dedicating
abundant public resources (subsidies) to compensate; industrial management of
agrarian systems has caused damage to the soil, water, air, and plants themselves.
The agrarian system’s capacity to produce has itself been affected. The ecological
parameters that make much of human activity possible have been altered, i.e., the
provision of ecosystem services.3 Undoubtedly, today’s agrarian growth model has
allowed feeding a growing population with less labor. But the technological tools
that have made it possible have seriously undermined the regeneration capacity of
agrosystems. Because of these problems, several international organizations are
today seriously questioning the agroindustrial model and bluntly underscore its
non-viability (IPES-Food 2016). The model must undergo a major transformation if
it is to feed more than 9,000 million people by 2050.
In this context, we should adopt a less complacent view of industrialization and
its benefits in our agricultural history narrative. In this discourse, we should con-
sider not only the successive productivity increases of land and labor, but also the
manner in which these increments have been achieved and at what cost. The case of
3See the compelling report by UNCADT (2013) or the report by the United Nations Environment
Program (UNEP) in 2010. Assessing the Environmental Impacts of Consumption and Production.
Priority Products and Materials. UNEP, Paris. For the Spanish context, see Montes et al. (2011).
Introduction ix
Spain is no exception. The agricultural sector and the agri-food system generally
should be considered not only as an economic activity that produces monetary
benefits, but also as an activity that sometimes has negative impacts on society as a
whole and on the environment. This book provides an overview of the evolution of
Spanish agriculture from 1900 to the present. We sought to draw a more nuanced
picture adjusted to the complex and multidimensional reality of agricultural pro-
duction. To do this, we adopted a theoretical approach and a methodology that
prioritizes biophysical aspects, without neglecting the economic and social aspects
and repercussions of agrarian policies implemented since the beginning of the
twentieth century.
The starting point of our proposition is based on the ideas expressed long ago by
the “father” of Ecological Economics, Georgescu-Roegen (1971). For this author,
the objective of the economy is not the production and consumption of goods and
services, as preached in conventional economics, but rather the reproduction and
improvement of the set of processes required to produce and consume goods and
services. Applied to agriculture, this means shifting our focus on levels of land and
labor productivity to that of sustainability. Therefore, we need to study whether
such productivity levels can be maintained indefinitely. We thus need to examine
carefully whether the fund elements, both social and environmental, that make
agricultural production possible, are maintained in optimal functioning conditions.
The importance of studying Spanish agricultural history from a biophysical
perspective has already been highlighted in several publications,4 and we will not
elaborate on this. A biophysical reading places sustainability, rather than agricul-
tural growth, at the heart of the narrative. It shows what is possible and what is not,
according to the technological contexts at each moment in time and the natural
resources available. The biophysical approach uncovers forces of change that
monetary analyses are unable to expose. The evolution of net primary productivity
is at the heart of the analysis, as well as agroecosystems’ capacity to maintain or
increase it over time. The concept of agrarian activity itself is fundamentally dif-
ferent and goes beyond the production of food and raw materials for markets.
Agroecosystems are anthropized ecosystems providing essential environmental
services for the sustainability of life. These services must be taken into consider-
ation. In this sense, farmers produce or “handle” pieces of nature. Technological
development is viewed less optimistically, especially considering the pace of
innovation (not always following productive or consumptive demands) and the
effects of technologies on the environment and society. Finally, the biophysical
approach brings about a new narrative on agrarian change that could contribute to
solving the agri-food crisis and designing a more sustainable future.
The aim is not that of replacing traditional economic analysis, which is essen-
tially monetary, though not exclusively, with physical quantities. Rather, we seek to
offer a perspective that integrates both approaches leading to a different narrative on
Spain’s agricultural trajectory since the beginning of the twentieth century. The fact
of articulating monetary and biophysical aspects places sustainability—in its
4See the references included in Pujol et al. (2001), Robledo (2010), Tello and Iriarte (2015).
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different economic and monetary, as well as social and environmental dimensions
—at the heart of the analysis, rather than the “produced” amount of money (the
agrarian GDP). Thus, we did not relinquish monetary values and their growth but
considered whether such values were brought about in an environmentally sus-
tainable manner; whether they have been sufficient for the agrarian population to be
properly remunerated; and whether they have been distributed equitably within this
latter population.
We used the theoretical and methodological framework of Social Metabolism
(González de Molina and Toledo 2014; Haberl et al. 2016) reviewed below. The
theories and methods of Social Metabolism are particularly helpful when analyzing
past agrarian systems in history. They are also instrumental in agriculture-related
disciplines because they provide valuable information on the physical functioning
of agrarian systems. The differences between organic-based agriculture (whether
traditional or contemporary such as organic farming) and industrialized agriculture
(regarding its structure and physical–biological functioning) can be illustrated more
clearly thanks to these tools. They also provide information on the potential of each
agroecosystem to produce biomass, according to environmental conditions
(edaphoclimatic) and also according to socioeconomic and technological condi-
tions. Further, these tools offer precious information on agriculture’s process of
industrialization and highlight the driving forces of change, thus making it easier to
examine the causes. Our contribution has consisted in adapting the Social
Metabolism approach to the agrarian sector by applying socioeconomic variables.
We thus advance an original theoretical and methodological proposition called
Agrarian Metabolism.
Chapter 1 explains how we adapted a metabolic approach to agriculture. This is
the first time such an adaptation has ever been done given the scarce number of
works to have used a metabolic perspective to study the agrarian sector and the lack
of socioeconomic variables. We critically explore the methodologies habitually
used within this approach and describe the modifications that were necessary to
adapt the metabolic framework to agricultural sector specificities. We also critically
review the statistical sources, among others, that were needed to build consistent
datasets relating to the evolution of the agrarian sector from 1900 until today. One
essential and huge task was that of compiling conversion factors of physical
magnitudes (dry matter, energy, crop coefficients, etc.) to interpret the statistics. The
datasets can be found in Annexes I and II.
Chapter 2 presents the results of our research on biomass output from the
beginning of the twentieth century to 2008, our study’s end date. Unlike usual
conventional approaches, total Spanish agroecosystem net primary production was
taken into account, whether or not it was directed toward social and economic uses
or was simply re-circulated internally. As we will see later, the health of agroe-
cosystems depends precisely on the quantity and quality of such flows.
Consequently, this chapter offers a 10-year dataset of net primary productivity since
1900, categorized according to final use. To make the calculations, a detailed
reconstruction of land uses and their evolution throughout the last century was
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necessary. This task proved to be difficult given that category definitions continu-
ally changed.
Nevertheless, a consistent set of land uses, as well as agricultural, forestry, and
livestock uses that supported the calculation of net primary productivity, are pre-
sented for the first time in this book. This productivity was then analyzed and
categorized as mentioned above. We paid particular attention to domestic extrac-
tion, as it underlies the flow of energy and materials exchanged by Spanish society
with its agricultural environment. The datasets of Spanish agroecosystems’
domestic biomass extraction from 1900 to 2008, both total and broken down per
subsector (agricultural, livestock, and forestry), are presented. We studied its
composition over time and highlighted the main agricultural uses and growing
productive specializations. Finally, we examined the unrelenting increase in land
production and land productivity as well as the stages of growth.
In Chap. 3, the sector is analyzed from the input perspective; that is, we
examined the evolution of inputs used to generate outputs. We also built several
consistent datasets following the same input methodology used in the Spanish
agrarian sector since 1900. Data are expressed in units and metric tons, as well as in
energy units, including the energy embodied in its manufacture and use. These
datasets are also presented for the first time in this chapter. To draw up these sets,
we had to meticulously collect sources, reconstruct data, and evaluate unavailable
or contradictory data. The latter included the use of fuels, machinery, irrigation
systems, fertilizers (nitrogen, phosphorus and potassium), the use of phytosanitary
products, and finally the use of material to protect crops (greenhouses, tunnels, etc.).
The changes in efficiency regarding manufacturing, energy use, and materials were
included in the calculation of embodied energy. This calculation was thus one of the
most complex but also one of the most decisive.
In the metabolic proposal presented in the Chap. 1, we combined biophysical
and monetary quantities to check whether a determined metabolic arrangement
could maintain agroecosystems’ fund elements in a good condition over time.
Chapter 2 dealt with the behavior of biophysical elements, while the Chap. 3 dealt
with the inputs necessary to achieve this behavior, i.e., the means of production
considered as another fund element, this time of a social nature. Chapter 4 is
devoted to the agrarian population and the socioeconomic variables that explain its
behavior. Problems with sources, especially sources prior to the 1960s, limited the
scope of our analysis and turned this chapter into a preliminary approach based on
partial indicators. Either available sources did not cover the entire study period, or
only fragmented information could be subtracted. The main indicators of the
capacity of biomass flows to maintain and reproduce agrarian households (i.e., to
provide the work required for agroecosystems to operate) were employment,
agricultural income, and the number of agricultural holdings. They were valued in
monetary terms. As we will see in Chap. 1, the agrarian population is the key
element in our metabolic approach, since all agroecosystems are managed by
human work and knowledge. In this sense, the analysis of metabolic flow capacity
to reproduce the agrarian population also turned into an analysis of how, when, and
why Spanish agriculture followed the path of industrialization. The reconstruction
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of agrarian macroquantities and especially agrarian income played a major role in
this chapter.
Chapter 5 is devoted to the impacts of sectoral changes on the agrarian envi-
ronment. One advantage of adapting metabolic methodologies is that it leads to
verifying the state of biophysical fund elements; agroecosystems depend on the
healthy condition of these elements to function correctly. By analyzing energy and
material flows themselves, it is possible to check whether these fund elements are
being suitably maintained or, on the contrary, whether they are deteriorating.
Therefore, we can detect whether their capacity to provide ecosystem services is
diminishing. Within the fund element of “territory,” we considered soil impacts
based on nutrient balances; water impacts on water balances, paying attention to
nitrogen “surpluses” that produce pollution; and we studied air impacts based on
carbon balances and greenhouse gas emissions. In the latter case, results of a study
on the contribution of Spanish agriculture to greenhouse gas emissions from 1900
to the present day are also presented for the first time. The chapter ends with an
estimate of land costs in the Spanish agricultural sector, especially since the sixties
when the Spanish agri-food system began to import big quantities of biomass to
support its operations. The estimation was made by calculating the land embodied
in the net balance of foreign trade.
In Chap. 6, we provide an overall perspective by relating biomass flows with the
monetary flows involved in the reproduction of fund elements. Based on the the-
oretical–methodological framework described in Chap. 1, integrating input and
output flows required an analysis of the agrarian sector’s inclusion in all economic
activity from a metabolic perspective as well as of the role played by biomass. We
reconstructed foreign trade biomass datasets in Spain since 1900, that is, import and
export data and the physical balance of foreign trade. Thanks to these datasets, we
were able to study the evolution of domestic biomass consumption and build a
picture of the demand of Spain’s entire economy. Based on this data, we analyzed
the evolution of domestic extraction in Spanish agroecosystems. The main con-
clusion was that agroecosystems’ production underwent ongoing intensification and
specialization, especially that of arable lands, in order to meet rising consumption
until foreign trade began to play an increasing role in the 1960s.
The dynamics of metabolic change were derived from this analysis and scruti-
nized to identify explanatory factors. The possible factors both on the supply side,
that is, within the agricultural sector itself and the factors underlying the continued
increase of biomass consumption—the demand side—were examined. The chapter
ends with conclusions on the dynamics of energy, material and information flows,
and their capacity to reproduce agroecosystem fund elements.
In our epilogue, we describe current perspectives on the present and future of the
agrarian sector. Based on an historical analysis, conclusions are drawn concerning
the possible direction that a more sustainable agrarian production could follow and
the great challenges that agriculture will have to confront in the coming years. The
book ends with two annexes: The first contains the methodology and critical review
of the statistical sources used to calculate plant biomass. This annex explains how
the datasets were constructed and provides information on the dry matter and
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energy converters used. We proceed in the same way with animal biomass; live-
stock censuses are critically examined. Figures were validated following an intricate
process. The techniques used are described in the annex. They enabled us to val-
idate some censuses and correct others, especially those of the early twentieth
century. In Annex II, a detailed description is provided of the main metabolic
indicators at a national level, so readers may use these data for their own research
purposes.
The research in the present book originated in discussions held at the First World
Congress of Environmental History in Copenhagen in August 2009. The research
has since been continued beyond the author’s original intentions, becoming the
object of three national projects and one international project. The biophysical
interpretation of Spanish agriculture’s evolution has also led to a permanent
workspace within the Pablo de Olavide University: the History of Agroecosystems
Laboratory. This would not have been possible without the material support and
human resources provided by the Pablo de Olavide University and the University of
Jaén. Without the facilities provided by both institutions, it would have been
impossible to conduct this research, so costly in time and resources. It would not
have been possible either without the support of the Canadian Social Sciences and
Humanities Research Council (SSHRC), which funded the project entitled
Sustainable Farm Systems: Long-Term Socio-Ecological Metabolism in Western
Agriculture, within its Partnership Grant program (895–2011-1020); and the
financial support of MINECO based on the national R&D plan projects entitled:
“Agrarian transformations and changes in the landscape, 1752–2008.
A contribution to the study of socioecological transition in Andalusia”
HAR2009-13748-C03-03; “Sustainable agrarian systems and transitions in agrarian
metabolism: social inequality and institutional changes in Spain (1750–2010)”
HAR2012-38920-C02-01; and “Sustainable agrarian systems? A historical inter-
pretation of Spanish agriculture from a biophysical perspective,”
HAR2015-69620-C2-2-P; and the research contract FJCI-2017-34077.
It would not have been possible either to complete this research without the work
context of the History of Agroecosystems Laboratory that provided discussion
seminars and deliberations on papers or data and help with data processing. We
would like to thank our following colleagues for their invaluable contributions:
Antonio Herrera, Antonio Cid, Inmaculada Villa, Guiomar Carranza, Inmaculada
Zamora, Beatriz Corbacho, Giampiero Colomba, Eva Torremocha, María Zirión,
Pablo Saralegui, María Giulia Constanzo, Felipe Oropesa, and Jorge Mattos. We
would also like to thank our collaborators in the aforementioned Canadian project,
with whom we shared and discussed many of the research aspects presented here
and thanks to whom much progress was made: Geoff Cunfer, Josh McFayden,
Andrew Watson, Patrick Chassé, Fridolin Krausmann, Simone Gingrich, Verena
Winiwarter, Michael Gizicki-Neundlinger, Dino Güldner, Olga Lucía Delgadillo,
Stefania Gallini, Khaterine Mora, Reinaldo Funes, and, especially, our colleagues
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Chapter 1
Agrarian Metabolism: The Metabolic
Approach Applied to Agriculture
In this chapter, we describe the theoretical and methodological background of this
work. Our aim was to offer a new perspective on the evolution of Spain’s agricultural
sector over the last century, moving the focus away from growth capacity towards
sustainability. We wished to discover whether the sector had been able to grow over
time without deteriorating its social and ecological resources. To tackle this ques-
tion, we chose the framework of Social Metabolism. Within so-called Sustainability
Science, this framework currently provides the broadest capacity of analysis. The
present research was thus conducted using the methodological tools included within
Material andEnergyFlowAccounting (MEFA).MEFA tools have been largely devel-
oped by the Sustainable Europe Research Institute (SERI), the Wuperthal Institute
and the IFF-Social Ecology of Vienna (Economy-Wide. Material Flow Accounting,
EW-MEFA). The methodologies are designed to obtain data that support the analysis
of the biophysical trajectories of economies and societies, both today and throughout
history. They alsomeasure the biophysical relationships between territories, describe
and characterize resource consumption and the ways in which resources are appro-
priated. Sufficiently consistent data can be obtained allowing to evaluate the degree
of sustainability of the relations between a given society and its environment. MEFA
thus constitutes an appropriate instrument to study the material aspects of socio-
ecological transitions.
Few studies, however, have adopted this methodology to analyze biomass pro-
duction and its role in the economy at large (Schandl and Schultz 2002; Krausmann
et al. 2008a, b, 2011; Kovanda and Hak 2011; Gierlinger and Krausmann 2012;
Singh et al. 2012; Infante et al. 2015). Most studies focus on the present and their
time frame of analysis is fairly limited (Risku Norka 1999; Risku-Norja and Mäen-
pää 2007; for a review of the state of the art, see Infante et al. 2015). Estimates of
food system metabolisms (Wirsenius 2003) or agri-food (Heller and Keoleian 2003;
Infante et al. 2014) and analyses of global and continental biomass flows (Krausmann
et al. 2008a, b) have also been carried out. Nevertheless, none of these works neither
applied the methodology to the agrarian sector nor have they gone into sufficient
historical depth to study the transition to the industrial metabolic regime. One work
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analyzes the changes in land uses and the energy transition in agriculture between
1830 and the year 2000 in Czechoslovakia (Kusova et al. 2008). Recently, a com-
plete study entitled Social Metabolism of Czech Agriculture in the period 1830–2010
(Greslova et al. 2015) was published for the same country.
Moreover, the limited number of studies which have addressed the evolution of
land biomass flows throughout the 20th century have been conducted mostly on a
local scale (Krausmann 2004; González de Molina and Guzmán 2006; Cunfer and
Krausmann2009;Garrabou andGonzález deMolina 2010; Infante 2011;GarcíaRuiz
et al. 2012; Tello et al. 2012; Infante et al. 2014c). Virtually no study has addressed
the issue in a wider context, i.e., the nation-state. Therefore, very few works have
attempted to adapt Social Metabolism methodologies to agriculture. The metabolic
approach has, in fact, an enormous heuristic potential. Nonetheless, the methodology
is not yet capable of providing biophysical data and indicators that account for
the specificity and complexity of agricultural activity. In this book, we present a
preliminary calculationmethod adapted to the distinctive features of agriculture. This
method combines different metabolic traditions (EW-MEFA,MuSIASEM, etc.) with
the arsenal of knowledge, theories, and concepts proper to Agroecology. We call this
completely original adaptation and synthesis approach Agrarian Social Metabolism
or Agrarian Metabolism.
1.1 Agriculture and Social Metabolism: The Metabolism
of Agroecosystems
Social Metabolism (hereon SM) refers to the set of theories and methodological
tools that allow analyzing a society’s biophysical behavior (Adriaanse et al. 1997;
Matthews et al. 2000; Haberl 2001; Weisz et al. 2006). It provides valuable informa-
tion to assess a society’s environmental sustainability and has even turned into a new
perspective on human beings’ relationships with their physical environment, that is,
with flows of energy, materials and information (Fischer-Kowalsky and Haberl 1997,
2007; Sieferle 2011; González deMolina and Toledo 2011, 2014). The term emerged
from an analogy with the biological concept of metabolism, given that relationships
that humans establish with nature are always twofold: individual or biological and
collective or social. On an individual scale, humans extract sufficient amounts of
oxygen, water, and biomass from nature per unit of time to survive as organisms,
and excrete heat, water, carbon dioxide, mineralized, and organic substances. At the
social level, groups of individuals connected in different ways, through relationships
or links, are organized in such a way as to guarantee their subsistence and repro-
duction. They also group together to extract matter and energy from nature through
meta-individual structures or artefacts and excrete awhole range ofwaste or residues.
Social Metabolism can be defined, therefore, as the way in which human societies
organize their exchanges of energy and materials with their natural environment
(Fisher-Kowalski and Haberl 1994; Fisher-Kowalsky 1998, 2002; Giampietro and
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Mayumi 2000; Giampietro et al. 2011) with the purpose of reversing the entropic
process they are subject to, like all living beings (González de Molina and Toledo,
2014). In this sense, human societies carry out two basic material tasks: on the one
hand, they produce goods and services and distribute them among society’s individ-
uals; on the other, they reproduce the conditions that make production possible, thus
gaining stability over time. A substantial share of social relations is therefore ori-
ented towards the organization and maintenance of exchanges of energy, materials,
and information. Its mission is to configure and feed the “funds” (Georgescu-Roegen
1971) that societies build to generate goods and services, i.e. to counteract the law of
entropy and thus generate order. Such funds are fed, that is, they are maintained and
reproduced through the exchange of energy andmaterials with the environment. This
enables us to understand the relationship between society and nature as a metabolic
relationship. Social Metabolism is, in fact, a metaphor that borrows a concept taken
from biology and applies it to the world of relations between society and nature.
SM is thus an analytical tool applied to socio-ecological relationships, whatever
their scale or territorial scope. It can, therefore, be applied to agriculture. Conse-
quently, Agrarian Social Metabolism (ASM) or Agrarian Metabolism (AM) can be
described as the exchange of energy, materials, and information that agroecosystems
perform with their socio-ecological environment. The purpose of metabolic activity
is that of appropriating biomass to satisfy human species’ endosomatic consumption
directly or indirectly through livestock while providing basic ecosystem services.
AM has also tried to satisfy the exosomatic demand (raw materials and energy)
of societies with an organic metabolism and continues to do so, to a lesser extent,
in industrial societies. To accomplish this, society colonizes or seizes a part of the
available land. Within this territory, it establishes varying degrees of intervention or
interference in the ecosystems’ structure, functioning and dynamics, giving rise to
different types of agroecosystems. In other words, AM refers to the appropriation
of biomass by members of society by managing the agroecosystems present on the
land (Guzmán Casado and González de Molina 2017).
Why should we consider, however, “agroecosystems” to be the subjects of AM?
Because they constitute the basic unit of metabolic activity: these ecosystems are
manipulated and artificialized by human beings in order to capture and convert solar
energy into some particular form of biomass that can be used as food, medicine,
fiber or fuel (Altieri 1989). From a thermodynamic point of view, they can also be
considered as complex adaptive systems that dissipate energy to counteract the law
of entropy (Prigogine 1978; Jørgensen and Fath 2004). To do this, they exchange
energy,materials, and informationwith their environment (Fath et al. 2004; Jørgensen
et al. 2007; Swannack and Grant 2008; Ulanowicz 2004). Compared to ecosystems,
that still retain their capacity to self-sustain, self-repair and self-reproduce, agroe-
cosystems are unstable, requiring external energy,materials, and information (Toledo
1993; Gliessman 1998).
The flows are exchanged through work or manipulations that aim at ensuring
the production of biomass and its reiteration over successive cycles of cultivation
or breeding, interfering in the carbon, nutrients and hydrological cycles and in the
mechanisms of biotic regulation. In traditionallymanaged agroecosystems, this input
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of additional energy and materials comes from biological sources: human work and
animal labor. Dependence on the land is maintained in a strict sense. In industrially
managed agroecosystems, additional energy and materials also come from the direct
and indirect use of fossil fuels as well as metallic and non-metallic minerals. In such
systems, most of the energy generated as biomass is directed out of the system in the
form of food or fiber as well as crop residues. The latter are not allowed to remain
within the system and this contributes to important internal processes. Therefore, it
is also necessary to import a large amount of biomass from other agroecosystems
to ensure reproduction. These agroecosystems are mere “energy transporters” and
can hardly be considered sustainable (Gliessman et al. 2007, 17). In short, they are
part of society’s general metabolism, specifically dedicated to the appropriation of
photosynthesis products. From a metabolic point of view, the reproductive dynamic
of agroecosystems is peculiar. Their sustainability, as artificialized ecosystems, also
depends on their level of biodiversity, the maintenance of fertile soil, etc. This means
that part of the generated biomass must be recirculated to meet both productive
and basic reproductive functions of the agroecosystem itself: seeds, animal labor,
organic matter in the soil, functional biodiversity, etc. The thermodynamic rationale
underlying this characteristic was developed by Ho and Ulanowicz (2005) and, later
by Ho (2013) when they related sustainability to dissipative low entropy structures.
Ecosystems, as dissipative structures that can consume large amounts of energy or
the reverse, can be structured in such a way that their entropy is low. This charac-
teristic of ecosystems also works at different scales for agroecosystems and even
for AM as a whole. Like ecosystems, agroecosystems constitute an arrangement of
biotic and abiotic components in which living systems predominate and respond to
what has been called “thermodynamics of organized complexity” (Ho andUlanowicz
2005, 41, 45). This means that, going beyond the point raised by Prigogine (1962),
an agroecosystem can be “far from thermodynamic equilibrium on account of the
enormous amount of stored, coherent energy mobilized within the system, but also
that this macroscopically non-equilibrium regime is made up of a nested dynamic
structure that allows both equilibrium and non-equilibrium approximations to be
simultaneously satisfied at different levels”. In this sense, the really decisive aspect
of ecosystems is not only the flows of energy and materials that keep them away
from thermodynamic equilibrium but also their capacity to capture and store the
energy that circulates inside them and transfer it to its different components (Ho
and Ulanowicz 2005, 41, 45). This depends on the quality and quantity of circuits
or internal loops through which the energy flows circulate as well as whether they
are able to compensate for the entropy generated somewhere in the ecosystem by
the negative entropy generated in another system within a given period of time. As
Bulatkin (2012, 332) argues, “the agroecosystem as a natural-anthropogenic sys-
tem has its own biogeocenotic and biogeochemical mechanisms and self-regulation
structures, which should be used to reduce anthropogenic energy costs”. That is, it
contains cycles that, according to Ulanowicz (1983), have a “thermodynamic sense”:
“Cycles enable the activities to be coupled, or linked together, so that those yielding
energy can transfer the energy directly to those requiring energy, and the direction
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can be reversed when the need arises. These symmetrical, reciprocal relationships
are most important for sustaining the system” (Ho and Ulanowicz 2005, 43).
For example, in organic or agrarian metabolic regimes (González de Molina and
Toledo 2011, 2014), agroecosystems used to function in an integrated manner. Bio-
geochemical cycles clearly went beyond the cultivated lands and extended over large
parts of the territory. The increase in entropy that occurred in the most intensively
cultivated areas (irrigation or hedges, in the case of the Mediterranean) was usually
compensated by the import of nitrogen through livestock (manure) from other areas
of low entropy such as forest areas. The result was a metabolic regime that was also
of low entropy. Spatial heterogeneity and agrosilvopastoral integration were key for
articulating the different circuits that captured, stored and transferred energy.1
This explains why, when different agroecosystem components are adequately
articulated, it is possible to substantially reduce incurred land costswhenever biomass
is produced, and thus generate the largest amount of biomass at a minimal land
cost (Guzmán and González de Molina 2009; Garzón et al. 2011, Guzmán et al.
2011). In this sense, net primary production is found to correlate positively with
the functional integration of different land uses in terms of territorial efficiency.
The bigger the amount of energy is captured and stored in the internal cycles of
agroecosystems, the smaller the amount of energy that will have to be imported from
outside (Guzmán Casado and González de Molina 2017). For this reason, it is often
commented (Gliessman 1998) that the more an agroecosystem resembles natural
ecosystems in its organization and functioning, the greater its sustainability.
Each of the AM’s forms of organization leaves their particular mark on the ter-
ritory, configuring specific landscapes and specific agroecosystem arrangements.
The landscape is the visible mark left on the territory, although hidden marks may
materialize in a different, sometimes distant, territory from which natural resources
(land embodied, virtual land) are imported (Guzmán and González de Molina 2009;
Garzón et al. 2011, Guzmán et al. 2011; Infante et al. 2018). In pre-industrial agricul-
ture, agroecosystems needed to appropriate large amounts of land to produce useful
biomass and function correctly. Industrialized agriculture does not incur this cost, as
it is fed by energy sources and materials that come from the subsoil. In this sense,
the extent to which industrialized agriculture landscapes are simplified depends on
the extent to which these internal circuits are reduced within the agroecosystems.
In short, agroecosystems can be understood as dissipative structures built and
maintained by humans (Prigogine 1947, 1978; Jørgensen and Fath 2004) in order
to provide energy and useful materials for society, generating order or negentropy.
This way, agroecosystems can be “improved” in order to increase their net primary
productivity (NPP): for example, by providing them with productive infrastructures
that maximize water (irrigation channels) or available land (terraces) or biodiver-
sity (hedges, landscape mosaics), or recreating outdoor environmental conditions
1As pointed out by Sieferle (2001, 20), different land uses were linked to different types of energy.
Cultivated lands were associated with the production of metabolic energy to provide human food;
the pasture land that fed farm animals was associated with mechanical energy and forests with the
thermal energy that provided the fuel needed for cooking, heating and manufacturing.
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(greenhouses). Toledo and Barrera-Bassols (2008) gathered a large number of cases
where peasants improved the productive capacity of agroecosystems across the globe
for thousands of years. This investment in “built capital” has also been called Lan-
desque Capital (Widgren 2007). The concept should include the infrastructure of
roads, houses and warehouses or buildings with productive uses that have been built
over time and are essential for agricultural activity itself aswell as for current soil pro-
ductivity levels. However, due to the difficulty in achieving suitable accounting, we
chose to leave this section aside, recognizing nonetheless that an increasingly signifi-
cant share of energy andmaterials are dedicated to themaintenance and improvement
of these infrastructures.
1.2 Funds and Flows in Agrarian Metabolism
We have defined AM as the exchange of energy, materials, and information between
agroecosystems and their socio-ecological environment. This exchange is composed
of flows that go in and out, as described in the EW-MEFAmethodology.However, our
proposal not only quantifies these flows but also carefully measures whether or not
these flows maintain the dissipative structures or fund elements they are endowed
with. The distinction between flows and funds was borrowed from Georgeuscu-
Roegen (1971) andGiampietro et al. (2014) who incorporated it into theMuSIASEM
methodology. According to Georgescu-Roegen, the economy’s ultimate goal is not
the production and consumption of goods and services, but the reproduction and
improvement of the processes necessary for their production and consumption. This
different understanding of economic activity’s main objective implies that from a
biophysical point of view, we need to shift our attention away from energy and
material flows and instead focus on fund elements: we must center our analysis on
whether fund elements are improved or at least reproduced during each productive
cycle. In other words, our focus switches from the production and consumption of
goods and services to sustainability, and whether both production and consumption
can be maintained indefinitely. Within this framework, it is essential to distinguish
between flows and funds. Flows include energy and materials that are consumed or
dissipated during the metabolic process, such as raw materials or fossil fuels. The
rhythmof these flows is controlled by external factors—relating to the accessibility of
the environment’s resources in which themetabolic activity unfolds—and by internal
factors—related to the processing capacity of energy andmaterials, relying in turn on
the technology used and the knowledge to manage it. Fund elements are dissipative
structures that use inputs to transform them into goods, services, and waste, i.e.,
into outputs, within a given time scale; they remain constant during the dissipative
process (Scheidel and Sorman 2012). They process energy,materials and information
at a rate determined by their own structure and function. To do so, they need to be
periodically renewed or reproduced. This means that part of the inputs must be used
in the construction, maintenance and reproduction of the fund elements, limiting,
of course, their own processing rhythm (Giampietro et al. 2008). The quantities
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of energy and materials invested in the maintenance and reproduction of the fund
elements cannot be employed for end uses. These types of elements can even be
improved over time, when energy and materials are allocated for this purpose.
The MEFA methodology, the best known social metabolism methodology, has
been criticized (Giampietro et al. 2014, 29) and with good reason: it does not take
into account dissipative structures proper to an agroecosystem as in our case, nor the
different types of flows that feed them. The MEFA methodology reduces all flows to
units of energy (MJ) or weight (t) to be able to add them and does not differentiate
between their varying qualities and purpose. What this approach actually does is
transfer a prevailing idea from conventional economics, whereby only the existence
of inputs and outputs are taken into account inmetabolic accounting. This preferential
consideration of the transfer of energy and materials has no thermodynamic basis
and is therefore not useful when it comes to describing the biophysical functioning
of a society’s economic activity and its degree of sustainability.
Agroecosystems are, as we have said, dissipative structures that can be decom-
posed, in turn, into other structures, be they social or ecological, which compose
them. To consider each one of them individually would render our proposition so
complex, it would lose its heuristic nature. For this reason, only essential dissipa-
tive structures or fund elements for the reproduction of agroecosystems themselves
and the provision of their services in AM are included. However, such funds may
be decomposed into other fund elements in order to refine, if deemed necessary,
the analysis. We will come back to this point when examining the environmental
impacts of Spanish agriculture’s industrialization. For the purposes of this research,
four fund elements were taken into account: land, livestock, agrarian population and
technical means of production (or technical capital today). However, it is relevant
to differentiate between fund elements of a biophysical nature and fund elements
of a social nature since they are not reproduced in the same way. The four funds
are closely connected and represent the fullest manifestation of the socioecological
relationships at the heart of each agroecosystem and at the center of the metabolic
exchange. The articulation between the four fund elements is fundamental, as we
shall see later, to explain metabolic dynamics.
Each fund element has a different either biophysical or social nature, and, there-
fore, each fund element works with different quality flows and different metrics. As
pointed out by Giampietro et al. (2014, 29), the flows’ characteristics are closely
related to the fund they come from. A territory is colonized or land is appropri-
ated by society to generate useful biomass flows; it is usually measured in hectares
and subdivided into different uses that produce vegetal biomass, expressed in tons
of vegetal biomass per hectare (t ha−1)—or its equivalent in energy, MJ ha−1—or
net primary productivity (NPP). The livestock fund element is the source of flows
directed to society as well as to the agroecosystem itself, providing animal biomass
for raw materials, food and, to a much lesser degree, energy or services such as trac-
tion or manure. It is usually measured in standard livestock units of 500 kg (LU500)
and the flows it generates are expressed in kg or t of animal biomass ha−1 or LU or
MJ ha−1 if the flows are expressed in energy units. The agrarian population is the
fund element which represent the human work flows. They are usually measured in
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hours or days of work (hours or days/year−1). Finally, the “means of production”
fund brings together the supply of production tools that generate mechanical work
flows or vegetal health services and other services: its size and composition vary
significantly according to whether the agrarian system is industrial or pre-industrial.
In our case, we will examine a period of transition from traditional organic agricul-
ture to industrial production, during which mechanical instruments stand out from
the rest of the work tools. It is usually measured, for example, in terms of installed
capacity, expressed in Kw of power or cv, and its flows in Kw/h−1 or MJ ha−1, etc.
Whatever they may be, fund elements require a quantity of energy in terms of
biomass and humanwork thatmust be taken into account for each production process.
The process of industrialization of agriculture has consisted in substituting the agroe-
cosystems’ biogeochemical circuits with working capital that depends on resources
outside the agrarian sector, usually via markets. This explains a fundamental differ-
ence in the metabolic functioning of traditional and industrialized agroecosystems:
the reproduction of fund elements was possible through biomass flows in organic
metabolic regimes; but under the industrial metabolic regime, external fossil energy
flows are widely reproduced by social funds and can cause environmental deterio-
ration when attempting to reproduce biophysical funds, especially agroecosystem
services. For example, trophic chains that support both edaphic life and the agroe-
cosystem’s biodiversity can generally only be fed with biomass. Deterioration of
colonized or appropriated land cannot be compensated using energy and external
materials or any other resource than vegetal biomass. In this way, the industrializa-
tion of agriculture can be interpreted as the process of replacing dissipative structures
of a biophysical nature, that belong to agroecosystems and have been maintained by
peasants through integrated management, with man-made dissipative structures or,
to put it in economic terms, with means of technical production obtained through
markets and, to a lesser degree, from State intervention.
In AM not only are biophysical flows exchanged, but also flows of information.
They are usually excluded from metabolic methodologies, perhaps due to their com-
plexity and difficulty in measuring them. However, these flows have the capacity
to order and organize components of physical, biological and social systems. They
are therefore essential to understand not only the specific configuration of metabolic
regimes but also their dynamics. We have thus attempted to integrate them into our
proposition. As they cannot all be taken into account given their inherent complexity,
we selected the information flows with the biggest explanatory capacity regarding
farmers’ decisions. Agricultural work is also considered as a workflow containing
decisive information that organizes agroecosystem structure and functioning. Con-
sequently, we assumed that these decisions were directly influenced by the monetary
remuneration that farmers receive in exchange for the sale of their products. There-
fore, they constitute a suitable proxy for synthesized information flows. In other
words, for the purposes of this research, information flows are defined as follow:
flows originating in the agrarian population fund element, in the form of work and
incorporated management decisions; and monetary flows stemming from the agroe-
cosystem’s social environment and ending up in this population fund in the form of
money obtained in exchange for production.
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Monetary flows represent a specific type of flow which, from a metabolic stand-
point, have multiple purposes: they allow to closely articulate the biophysical and
social components of socialmetabolism itself.As suggested bySwanson et al. (1997),
money is a commodity but it is also information. Even if it is understood as a measure
of the value of entropy, it can be considered according to its capacity to reduce the
levels of a social system’s future entropy (González de Molina and Toledo 2014).
Money, expressed in relative prices, has transmitted information that has enabled to
largely explain—especially in societies with monetized exchanges—the behavior of
social agents, in our case that of farmers. This does not mean that markets, as they
are organized today, have determined farmers’ behaviors based on relative prices.
Markets were not always the main or only way to exchange goods and services.
Therefore, their dynamics only explain productive decisions in contexts of commod-
ified economies. In organic metabolism societies, seigneurial rights, for example,
imposed monetary levies on farmers and were based on feudal law, not on markets;
but ultimately, they constituted monetary exactions that forced peasants to sell part
of the harvest to be able to pay them. The price of agricultural products, even in “im-
perfect” markets, forced peasants to take production decisions. The situation is less
ambiguous in market societies, where relative prices are the most relevant indicator
or source of information. Nevertheless, relative prices determine farmers’ behaviors,
according, for example, to cost-benefit calculations; the decisions they make are
usually based on multiple and weighted criteria, as in the case of other economic
agents. We are also aware of other non-monetary information flows that also have a
bearing on farmers’ decisions, such as public policies, the institutional framework,
etc., and even the rural worlds’ successive cultural values along the twentieth cen-
tury. Monetary flows also reflect the large array of cultural and institutional factors
but the extreme complexity of the subject would make it impossible to consider
them all. Consequently, we will use the agrarian sector account, elaborated from
national accounts, to quantify and analyze AM monetary flows. The prices received
by farmers, the prices paid for inputs and agricultural income will constitute the
major macromagnitudes used as information flows in the sector, as we will see in
Chap. 4.
To summarize, we have defined four fund elements belonging to agroecosystems.
They receive flows of energy, materials and originate, in turn, outflows in the form
of biomass that society remunerates through monetary flows. These monetary flows,
which are also information flows, stop at farmers, who through their agricultural
labor, that is through their tasks, maintain and reproduce the funds. Monetary flows
are input information flows and agroecosytems’ management decisions are output
flows. Consequently, energy and material flows, both inputs and outputs, can be
broken down into productive, reproductive or maintenance flows of fund elements;
meanwhile, information flows are composed of monetary flows (input) and human
work flows (output) and normally have a reproductive role. The main hypothesis in
this research is that the reproductive capacity of these latter flows determines the
dynamics of agroecosystems and the dynamics of the agrarian sector as a whole.
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1.3 The Appropriation of Biomass and Colonization
of the Territory. Biophysical Funds
(Land and Livestock)
The territory is the main element in any agroecosystem, since biomass production
requires land for the photosynthetic process to take place. Therefore, the first task of
AM consists of colonizing the ecosystems (Cook 1973) and appropriating a part of
their net primary productivity (NPP). Through colonization and appropriation, farm-
ers conduct three basic types of intervention on the territory, thus affecting different
ecosystems (González deMolina and Toledo 2011). The first intervention consists in
hunting, fishing, gathering, as well as certain forms of extraction and livestock by for-
aging on the original vegetation: this type of intervention does not cause substantial
changes in the structure, architecture or dynamics of ecosystems. The second type
of appropriation consists in disarticulating or disorganizing ecosystems to introduce
groups of domesticated species or species in the process of being domesticated, as in
the case with all forms of agriculture, livestock, forestry, and aquaculture. While in
the case of the first type of appropriation, ecosystems’ intrinsic or natural capacity
to self-maintain, self-repair, and self-reproduce is not affected, in the second case,
ecosystems lose these latter abilities and require external energy (whether human,
animal or fossil), as well as materials and information to sustain themselves. Over
the last decades, a third form of appropriation has emerged responding to conser-
vationist actions by public administrations or non-governmental organizations that
seek to preserve natural or regenerating areas. They also aim at providing ecosystem
services.2 The distinction between the first two types of intervention is of special
interest in our work because as we will observe later, they have coexisted and been
combined in different ways throughout the study period.
Consequently, an agroecosystem may also contain appropriated areas where the
ecosystem is minimally subjected to manipulation or intervention while remaining
inseparable from its territorial arrangement. Different units of biomass appropriation
can coexist there, some obtained by means of hunting and gathering and others by
plant manipulation. This situation is more visible when beyond the scale of plots, we
move up to observe the territorial arrangements an agroecosystem must necessarily
be made of in terms of different land uses. We need to specify this because agroe-
cosystems are commonly confused with cultivated areas. Agroecosystems, however,
make up coherent and articulated units of analysis: biogeochemical flows circulate
within them and, therefore, human appropriation gives rise to different degrees of
intervention (Guzmán andGonzález deMolina 2000;González deMolina andToledo
2011, 2014; Guzmán Casado and González de Molina 2017). This also applies to
plants that inhabit agroecosystems, since cultivated plants are often the only ones to
be taken into consideration. Moreover, only the aerial parts of these plants are taken
into account, while the root biomass, often the crop residues or the adventitious flora
2Although it is possible to find examples in the past of protection of natural spaces through religious-
cultural practices such as sacred forests.
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are ignored. An agroecological approach to AM must be based on all the biomass
produced within its limits, that is, all the net primary productivity. As we shall see,
the reason is that when defined as a fund element, territory or land reproduction
depends directly or indirectly on the total amount of produced biomass, not only on
the harvest. Consequently, the colonized territory a society disposes of to develop its
AM tends to be fragmented into different categories or land uses, such as croplands,
pasture lands, and forest lands depending on the degree and type of its dedicated
management. Each one of them can be subdivided in turn into different categories
depending on their specific or multiple uses and labor intensity.
The other biophysical fund element under consideration is livestock, whose basic
function is to provide useful animal biomass to society in the form of food (meat,
milk, fat, etc.) or raw materials (wool, skins, etc.) and certain services, among which
some essential ones such as manure to renew soil fertility. As mentioned earlier,
livestock volume is measured in international livestock units (LU of 500 kg), as it
allows to reduce different livestock species to a common denominator. In societies
with organic metabolism, livestock was adapted to the soil and climate conditions
of each territory and to the interests of the society on which it depended. Livestock,
thanks to its functional biodiversity, mediated the agroecosystem’s different ecolog-
ical processes. As a result, its composition had to be diversified, to take advantage of
the different available food resources (herbaceous, arboreal pastures, crop residues,
feed, etc.), in very different environments (wetlands, steep slopes, etc.) and generate
goods and services of a varying nature (food, work, fiber, etc.). Therefore, the herds
had to present a certain degree of diversification and balance based on land avail-
ability and society’s needs and resources, without being excessively simplified or
specialized. This explains the diversity of livestock breeds, species and multiple uses
made of animals (traction, reproduction, production of food and raw materials). This
was the situation when no biomass flows were imported from third countries. Today,
growing transport capacity and differences in production costs have facilitated and
generalized the import of large quantities of vegetal biomass to feed livestock that in
certain cases can no longer be maintained, due to its volume and nature (monogastric
or granivorous), by native agroecosystems. A huge amount of livestock is maintained
based on these imported biomass flows. This livestock is highly specialized in meat
or milk production, it is contained and composed of a few breeds, designed to meet
the growing demands of meat and dairy products. This growing consumption has
characterized western diets, including the Spanish diet, over the last decades. There-
fore, livestock, in its role of biophysical fund, can only be reproduced, maintained or
increased through a constant flow of biomass—whether domestic or imported—that
is mostly vegetal, but not only vegetal.
The biophysical fund elements of an agroecosystem require therefore a certain
amount of energy and materials in the form of biomass for reproduction and main-
tenance. In addition, trophic chains that support both edaphic life and biodiversity
can generally only be fed with biomass. In this sense, it is worth recalling the idea,
expressed by ecological economists, that natural capital cannot be replaced by man-
ufactured capital (Ayres 2007; Häyhäa and Franzese 2014, 125), just as not all types
of energy are interchangeable or have the same use (Giampietro et al. 2010). That is,
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the biophysical elements of an agroecosystem cannot be sustained using oil or coal
or the fuels that derive from them.
On the other hand, ecosystems, including those appropriated by society (agroe-
cosystems), generate ecosystem service flows, some of which are directed towards its
renewal (De Groot et al. 2003; Ekins et al. 2003; Millennium EcosystemAssessment
2005; Folke et al. 2011). According to Schröter et al. (2014), each agroecosystem
has a specific capacity to provide these services, in accordance with their edapho-
climatic conditions. Since agroecosystems are human-being-dependent ecosystems,
the quantity and quality of the services that they provide depend on the way they
are managed. An adequate provision of services will depend on the agroecosystem’s
health, that is, on the sustainable state and size of its fund elements (Cornell 2010;
Costanza 2012). Conversely, the degradation of an agroecosystem’s fund elements
can lead to reductions in the amount of ecosystem services it provides (Burkhard et al.
2011). Services are usually grouped into four categories: provisioning, regulating,
supporting and cultural services. Provisioning includes the extraction of goods (e.g.,
wood, firewood, food, and fiber); regulatory services help to modulate ecosystem
processes (e.g., carbon sequestration, climate regulation, pest and disease control
and recycling of waste or residues); support services sustain the provision of all
other categories (e.g., photosynthesis, soil formation, nutrient recycling); while cul-
tural services contribute to spiritual well-being (e.g., recreational, religious, spiritual
and aesthetic) (de Groot et al. 2010).
1.4 Social Fund Elements (Human Work and Technical
Means of Production)
Agroecosystems process energy and materials to produce biomass thanks to human
labor. As we have seen, human work has a characteristic that distinguishes it from
other funds: it incorporates information flows. The origin of these flows is not farm-
ers alone but also the household they are part of. Consequently, the fund element
considered in thiswork—unlike that established by othermetabolicmethodologies—
is the “agrarian population”, composed of domestic groups or households that are
dedicated to this activity. There are three reasons for this, based on the distinction
between flows and funds. Firstly, because the continuation of the human work flow
depends on the time investment in other tasks carried out by the entire household. For
example, time devoted to care, which are reproductive tasks from the physiological
point of view (overheads), or to social and educational activities, which from a social
perspective, would correspond to reproductive activities. Second, because maintain-
ing agroecosystems in good productive conditions requires performing maintenance
tasks that are not usually considered to be part of working hours directly related to
agricultural production or are effectively paid. And lastly, because agricultural labor
has usually been performed by farmers with the help of the family, so agrarian work
is essentially family work. As a result, in our research, we not only considered the
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number of individuals engaged in agricultural work but also their families who are
responsible for “producing” the agricultural workers and who can engage in other
paid and unpaid activities to achieve it. In fact, for small and medium agricultural
producers, the family is above all the basis of their economy and the objective of
their productive strategies.
To quantify human work flows, and their reproduction cost, the Time Budget
methodology should be used. It calculates the population’s Time Use at any moment
in time. The aggregate nature of this methodology, however, based on the scale of a
state, makes it difficult to apply this technique. The aggregate informationwe dispose
to quantify workflows is the standard information provided by Spanish statistics: the
population that is active, employed or unemployed in the agricultural sector.We have
assumed that such flows (whether paid or not, and whether directly agrarian or not)
originate in farmer households or field workers whose reproductive costs must be
covered by the monetary income received in exchange for production. Consequently,
we have assumed that the reproduction of a farmer household is viable when agri-
cultural income allows reaching the national average of household expenditure.
Human labor logically requires energy, basically endosomatic energy, to maintain
and reproduce itself. In fact, this is the amount of energy that we used to calculate the
energy efficiency of each of the successive metabolic arrangements over the study
period, i.e. a century and a few years. Nevertheless, as human societies have been
gaining in complexity, cost of reproduction has also increased to include all exoso-
matic energy incorporated in that process (or its equivalent in monetary terms). As
the metabolic profile of contemporary societies has increased, the cultural consump-
tion of energy and materials has been gaining importance—thus so has its monetary
cost.
The fourth and last fund element considered is the technical means of production.
Today it could be called “Technical Capital” as referred by Mario Giampietro and it
includes instruments or substances that aim at replacing certain ecosystem functions
and services such as pest control, fertility replacement, etc., which are manufactured
outside the agricultural sector and through the use of fossil fuels ormineral sources. It
also includes the set of artifacts created to perform all kinds of agricultural tasks. For
example, they may consist in devices capable of converting fuel flows into tractor
power flows in a localized manner to perform tasks that human work would not
usually perform, either because they require a lot of power or because they save
work. The capacity of this fund element is measured as we have seen in kW or cv
(or hp) and has worked and still works with fossil fuels both for its manufacturing
and functioning. The maintenance of this fund requires investment in energy and
materials and, unlike the other funds, its replacement occurs thanks to metabolic
processes that take place outside the agricultural sector itself. In this fund, and for
purely formal purposes, we include cattle when used for fieldwork, measurable in
kW or horse power, which depends instead on biomass metabolized in the form of
grains, straw or grass for maintenance. As a biophysical fund, its size depends on the
availability of food produced by agroecosystems and the nutrient needs and stocks
of manure and other fertilizers; as a social fund, its size depends on traction needs
(Graph 1.1).




























Graph 1.1. Flowchart of Agrarian Metabolism
Graph 1.1 Flowchart of Agrarian Metabolism
1.5 The Organization and Dynamics of Agrarian
Metabolism
The four fund elements that operate in AM mutually affect each other. This inter-
relation is expressed in each metabolic arrangement in a particular fashion, giving
rise to a sort of unstable equilibrium that makes the AM function as a whole in a
specific way. The ability to process energy and materials that each fund element
has determines not only the magnitude of the flows it generates but also generates
restrictions for others. Land availability and its capacity to produce biomass has a
direct impact on the magnitude of the flows originating in human work, livestock
or means of production. Low availability of human work can, for example, limit the
capacity of the land to produce useful biomass, favoring, for example, livestock use
of the land and vice versa; very strong traction power can lead to a more intensive
agricultural use of the land that would not correspond to the size of the population and
its capacity to work; while an excessive volume of the technical means of production
or livestock may require importing energy from the outside, in the form of biomass
or fossil fuels. This is what occurred, as we will see, with Spanish agriculture over
the last half-century.
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The fund elements’ mutual dependence not only explains the structure, function-
ing and dynamics of AM, but also constitutes the key to its degree of sustainability
i.e., whether if each fund element is capable of providing the services required by
AM itself to function (Giampietro et al. 2014, 19) and to do so in a balanced manner
over time. The imbalance between each fund’s capacity and the generated flows can
make it necessary to seek a new equilibrium, thus causing changes that compro-
mise the medium and long-term viability of the established metabolic arrangement.
This consistency between flows and funds and among funds themselves is not found
in the EW-MEFA methodology but in the MuSIASEM methodology, made opera-
tional through the so-called “sudoku effect” (Giampietro et al. 2014; Giampietro and
Bukkens 2015). We incorporated this idea into our AM proposition to evaluate the
sustainability or at least get an idea of it: a variable part of the energy and material
flows must necessarily be invested in the maintenance and reproduction of the funds
and these, in turn, must preserve the necessary relation of congruity in such a way
that the flows originated in one fund can help the others to function and vice versa. In
our view, the imbalances or lack of correspondence between the funds and their flows
explain the metabolic dynamics and, therefore, tendencies towards unsustainability
and towards metabolic change.
The study of metabolic dynamics and the processes of change indeed lies at
the heart of this work. The objective is to understand why certain decisions were
made leading AM to be in the situation it is in now. In social sciences, theories
that explain long-term changes in human societies using the concept of transition
have become increasingly relevant (Bergh and Bruinsma 2008; Lachman 2013). A
academic trend that analyzes transition towards sustainability from a metabolic per-
spective has also been developed. According to this approach, which is linked to the
IFF-Social Ecology of Vienna, socio-ecological transition processes are processes
of structural change affecting the configuration of energy, material and information
flows that societies exchange with their environment (Fischer-Kowalski and Rot-
mans 2009; Fischer-Kowalski 2011). However, this approach has been criticized by
Lachman (2013, 274), and rightly so, because it interprets socio-metabolic transition
at a system level that is overly abstract (social metabolism) and leaves no place for
social actors. Factors such as beliefs, political or economic interests or culture—we
call them information flows—are not taken into account. This inordinately general
and abstract framework can hardly generate advice to its users on concrete policies
to advance the transition. Our proposition, in line with this criticism, considers that
social agents undeniably play a fundamental role. Ifwe keep this inmind, information
flows become central to the analysis.
Either way, Socioecological Transition is a conceptual tool that aims at making
social and environmental change comprehensible by reducing its complexity. In this
sense, the notion of socioecological transition allows us to understand the mecha-
nisms underlying AM’s shift from its organic configuration to its current industrial
configuration, adopting in the process hybrid forms of variable duration, where AM
is not totally organic nor totally industrial. With the industrialization of agriculture,
AM specialized in the production of biomass to satisfy the endosomatic consumption
of individuals as well as demands for industrial raw materials and services. AM has
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gone from being at the heart of the sociometabolic process, and its main source of
energy, to constituting an apparently marginal segment of the process due to fossil
fuel exploitation (González de Molina and Toledo 2011, 2014). The metabolic func-
tionality of agrarian activities has therefore changed. They constitute just another
input of the metabolism of materials. Though the market does not reward them for
it, they offer essential environmental services (carbon sink, climate regulation, water
purification, maintenance of certain levels of biodiversity, etc.) for the stability of
industrial metabolism. Perhaps because of this, they have tended to deteriorate with
the process of industrialization and commodification of agriculture (De Groot et al.
2002; Pagiola and Platais 2002).
According to the literature available, AM’s socioecological transition that cul-
minated with the industrialization of agriculture followed three major “waves”
(González de Molina 2010): the first wave was driven by the institutional change
that accompanied the implementation of liberalism, occurring within the limits of
organic AM. It entailed “optimizing” its capacity to increase biomass production.
During the second wave, AM underwent its first great metamorphosis related to
partially unstructured biogeochemical cycles. The vector of this process was the
appearance and diffusion of artificial fertilizers in the final decades of the nineteenth
century and the beginning of the twentieth century. Its introduction meant “over-
coming” the most common limiting factor of production until then, i.e., the lack of
nutrients, and breaking the link of dependency between fertility replacement and
land. A long transition process began in which agricultural production would shift
from being dependent on soil to being dependent on the subsoil, in other words on
fossil fuels and minerals. The third milestone of metabolic change opened the path
towards the definitive metamorphosis of traditional organic agriculture. The energy
transition was completed: fossil fuels replaced a large part of the workforce and
all animal traction. AM was industrialized and the distinctive limitations of organic
metabolism disappeared. It was associated with changes in energy patterns where
coal was replaced with oil and natural gas, providing higher energy densities. Two
basic industrialization innovations linked to these changes allowed to massively sub-
sidize agriculture based on external energy: electricity and the internal combustion
engine. Developments during the second and third of these three waves draw our
special interest as they correspond to our study period.
All these changes eventually took place at different scales. At the crop scale,
highly significant changes took place that mainly affected the genetic material, that
is, seeds. Crop varieties or livestock breeds offering higher yields or certain pro-
ductive characteristics were sought. At the farm level, connections between crops
and polycultures were drastically reduced, rotations were simplified and they were
subsequently replaced with crop alternations governed by market demands. Hetero-
geneous crops and plants as well as their combined distribution over fields gave way
to monoculture, significantly reducing genetic, structural and functional diversity
(Gliessman 1998). At the landscape scale, land uses were segregated and the pro-
ductive and functional synergies generated by agrosilvopastoral integrationwere lost.
The trend towards productive specialization grew ever stronger, imposing specialized
land uses according to market demands rather than according to land capabilities or
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the presence of natural resources. Geodiversity and spatial heterogeneity were conse-
quently lost. Thus, energy andmaterial flows, which tended to be local and contained
(renewable) ended up being global and originating from fossil sources.Wewill come
back to this issue in the following section. Finally, on a more aggregate scale, agrar-
ian systems have been integrated into a nationwide market, and this has fostered
productive specialization based on comparative advantages and opportunity costs;
this process has reached its peak today with the constitution of a global agrarian mar-
ket and a global agri-food regime, in which agroecosystems are vertically integrated
(McMichael 2009).
1.6 The Forces of Change
This research is dedicated to analyzing socio-metabolic changes in Spanish agricul-
ture since 1900 and to uncover its driving forces. As we will see in the following
chapters, the history of Spanish agriculture in the last century could be understood
as a continuous effort to increase and specialize the volume of biomass production
to face both the endosomatic and exosomatic demands of society. As a result, the
main forces that drove the change, that is, the socioecological transition, were inten-
sification and productive specialization. These occurrences were all similar to those
in industrialized countries and to some extent to those in neighboring agricultures
(IPES-Food 2016). They seem to have responded to a general trend.
In fact, Spanish agricultural developments since 1900 should be studied in the
light of a more universal evolution. The notion of intensification refers to more
intensive agricultural cultivation and growing use of inputs that generally lead to
greater agricultural productivity. This seems to have been a general trend that has
followed similar patterns across space and time (Mustard et al. 2004). To understand
this process, Foley et al. (2005, 571) proposed a land-use sequence called Land
Use Transitions mainly powered by productive intensity (Rudel et al. 2009; Lambin
and Meyfroidt 2010; Jepsen et al. 2015). In a similar line, Ellis et al. (2013, 7980)
recently advanced a Land Intensification Theory. Most of these processes include
sustained increases in land productivity associated with more intensive management
(Currie et al. 2015; Federico 2009). But the process does not seem to have been
completely linear. Net primary productivity has not clearly increased in all cases
(Smil 2011; Krausmann et al. 2013); and productivity doesn’t seem to have grown
continuously but has rather followed phases of involution and crisis (Ellis et al. 2013).
Intensive land use has also been linked to drops in labor productivity in pre-industrial
contexts, while in industrial contexts the opposite has occurred, labor productivity
has increased at the same time (Fischer-Kowalski et al. 2014).
The most interesting debate, however, regards the causes of intensification. The
most widely circulated hypothesis is based on the theories of Boserup (1965), accord-
ing to which soil use intensity increases have been a response to population growth
and a fall in available land. Many hypotheses are based on “demographic pressure”
as the explanatory variable (Currie et al. 2015, 26). Nevertheless, in recent years
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the theses of Boserup and his followers have attracted growing criticism. Lambin
et al. (2001) have fought against the idea that population and poverty are responsi-
ble for deforestation or that population growth drives unsustainable intensification,
especially among small farmers. Other authors have limited the relationship between
deforestation and population density to pre-industrial societies (Kaplan et al. 2009,
3031) or the viability of the Boserupian theory generally (Fischer-Kowalski et al.
2014). Ellis et al. (2013, 7980) suggest understanding intensification of land uses
as an adaptive response, not only to demographic pressures but also to social and
economic pressures. They do however warn that the intensification process is not
linear, nor continuous or uniform. It can undergo steps forward and reversals. This
explains, together with social, demographic and economic conditions, the existence
of different land-use regimes. On the other hand, Kay and Kaplan (2015) maintain
that the reasons for intensification are more complex than either the population or the
social and economic variables. They suggest that a specific combination of a cluster
of factors would explain land-use patterns. They described, based on archaeologi-
cal records and other sources, the characteristic patterns of sub-Saharan Africa for
2500 years. According to the authors, these patterns reflect specific combinations
of diet, technology, culture, subsistence or urbanization, which together lead to dif-
ferentiated soil intensity patterns. Finally, some authors argue that land uses are a
reflection of raw material flows, energy, population, information, etc., and call for
new theoretical and methodological approaches to address their analysis (Friisa et al.
2015, 4).
In line with these latest contributions and our theoretical and methodological
approach, particular configurations of land uses are more easily analyzed when they
are understood as a specific metabolic design; productive intensification and spe-
cialization should be understood as a more general socioecological transition pro-
cess (Fischer-Kowalski and Haberl 2007; Fischer-Kowalski et al. 2014; González
de Molina and Toledo 2014). We must, therefore, address the factors underlying
Spanish agriculture’s intensification and productive specialization since 1900. These
processes were the main drivers of the shift towards an industrial metabolic regime.
The hypothesis we intend to verify is as follows: the agrarian population, a part of
society and a center of metabolic activity, is at the intersection between the social
and biophysical dimensions of AM; as such, the agrarian population forms its bond
with the rest of society, providing certain quantities of animal and vegetal biomass
and obtaining certain amounts of money in return in order to reproduce and, where
appropriate, improve the fund elements. If the amount of monetary flow allows the
agrarian population to easily reproduce itself, the surplus will be invested in improve-
ments to the other funds or in increasing domestic consumption. But if the amount
of monetary flow is insufficient for the agrarian population to reproduce itself based
on the society’s overall average exosomatic consumption levels, the most likely
response is to intensify and/or specialize agricultural or livestock production or use
more inputs, or all three at the same time. This can cause the reproduction cost of
other funds to increase, bringing down household incomes, causing a vicious circle
with increasingly intensive and specialized use of agroecosystems.
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In this work, we also contend that unequal access and distribution of agricultural
resources and, therefore, of the satisfiers to meet the historically changing needs of
farmers has had a decisive influence on intensification and productive specialization.
Unequal allocation of AM fund elements among the agrarian population (internal
inequality) is not the only cause of inequality, as is usually assumed. It is also the
result of unequal exchanges between the agrarian sector and other urban-industrial
sectors (external inequality) over the last century. In fact, the market has been a
historical means of transfer of income from the agricultural sector to other sectors of
activity (Bernstein 2010; Hornborg 2011, 5). Inequality, both internal and external,
deteriorated farmers’ incomes, who compensated by developing various strategies
that stimulated intensification and/or productive specialization, pushing towards a
socio-ecological transition. In short, the hypothesis we wish to establish in this book
is that intensification and specialization efforts were linked to attempts to compensate
for varying drops in agricultural income and employment during the 20th century.
There has been anegative impact on the four funds: destructionof employment, strong
livestock imbalances, disproportionate increase in technical means of production and
deterioration of the land’s environmental quality and its associated resources. The
congruent links between the funds were broken and the reproduction conditions of
AM seriously compromised.
1.7 Sources and Methods
Tomake the biophysical analysis of Spanish agriculture operational, it was necessary
to adapt and combine existing metabolic methodologies (EW-MEFA, MuSIASEM)
and add further instruments. Our proposal integrates several aspects not included in
these latter methodologies and that result from hybridization with Agroecology.
1.7.1 The Specificities of Agrarian Matabolism
First, in accordance with the importance we have attributed to the fund element
of reproduction, special attention is paid to what happens inside agroecosystems.
We thus developed a specific methodology for calculating net primary productivity
(NPP). It shares some of the assumptions of the HANPP (Human Appropriation
of Net Primary Productivity) but distinguishes itself in some pivotal aspects. The
HANPP only takes into account a part of net primary production, mainly Domestic
Extraction (DE), and not the whole. This leaves out a large part of the impacts gener-
ated by different metabolic arrangements on the agrarian environment. Our method-
ological proposal takes into account all the NPP, both aerial and root parts. From the
AMperspective, theNPP is of interest as awhole since it supports trophic chains.NPP
establishes the limits of the maintenance capacity of heterotrophic populations: all
members of the animal kingdom (human population, domesticated animals, and wild
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fauna), the fungi, a large part of the bacteria and the archaea. Therefore, appropria-
tion by human societies of NPP affects the maintenance of the rest of heterotrophic
organism populations that depend on the same resources.
To perform accurate calculations, we had to consider the productivity of both the
cultivation areas and those dedicated to pastures and forestry. When all the biomass
produced in agroecosystems is considered, a somewhat distinct perspective from
that usually adopted in Social Metabolism (SM) studies can be taken. SM studies
tend to center on society and the resources it appropriates. The problem is that they
leave aside the structure and functioning of ecosystems, whose healthy ecological
status depends on the supply of services that society receives. In other words, from
an agroecological perspective, levels and sustainability of DE also depend on the
biomass that is not extracted thus remaining available in the ecosystems for its other
heterotrophic components. A detailed guide on how the calculation was performed
for Spain and how it can be calculated for other territories can be found in Annex I.
A detailed description of the different sections into which it has been broken down
is also provided. Finally, we took into account all the year’s biomass produced in the
territory under study, that is, the totality of actual NPP. This approach distinguishes
itself from that of usual social metabolism studies (Schandl et al. 2002; Imhoff et al.
2004; Haberl et al. 2007), which only take into account the amount of harvested,
reused or useful biomass.
A final difference should be highlighted referring to the way in which biomass
should be accounted for. The standard methodology (E-WMEFA) is based on distin-
guishing fresh matter products from dry matter products (mainly pastures and forage
plants) (Eurostat 2013), thus adding different kinds of weights. The most rigorous
way to consider all types of biomass is to reduce them all to dry matter, as commonly
done in specific studies on agriculture from a biophysical perspective (Krausmann
et al. 2008a, b; Smil 2013). This avoids distortions produced by the different water
contents among types of biomass, especially between pastures and crops (between
15 and 95%). Furthermore, this consideration is necessary to study, as in our case, the
evolution of agricultural production. Crops with greater water content have become
highly relevant (in horticultural production for example), to the detriment of other
crops with lesser water content (cereals and legumes).
Secondly, in line with the Agroecology definition of agroecosystem, our AM
proposition includes economic aspects that have been left out until now. This integra-
tion is performed via the study of the monetary flows that enter and leave the system.
Society remunerates the agrarian sector for its products, whether agricultural, live-
stock or forestry products, and this remuneration constitutes the main inflow. Expen-
ditures outside the sector, including expenses related to current means of production
acquired on markets (commercial seeds and seedlings, that are not farm-reproduced
nor exchanged between farmers, fuels and lubricants, fertilizers and amendments,
feed, phytosanitary ware, material maintenance expenses, etc.) constitute the out-
flows. To quantify both flows, we used the macromagnitudes provided by Spain’s
national accounting and, more specifically, the agricultural sector accounts. The
difference between both flows constitutes the gross value added (GVA) produced
within agroecosystem boundaries. Agrarian income is obtained once depreciations,
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land taxes, fixed assets, or employed labor have been deducted, and the subsidies
added together. This constitutes the flow of money with which to reproduce and
improve, where appropriate, agrarian metabolism fund elements and, especially, the
agrarian population. In this way, our AM proposal also integrates information flows
that traditional methodologies do not contemplate.
Third, special attention is given to inequality in access and distribution of these
monetary flows. Land tenure and means of production play a crucial role here. We
already mentioned internal and external inequality: internal inequality was measured
according to farm structures and the unequal distribution of agrarian income it intro-
duces. To further refine this distribution, we distinguished between paid wages and
entrepreneurial income. External inequality was measured through terms of trade
with other sectors of activity and the evolution of agricultural income in constant
values.
Fourth and last, our proposal makes it possible, unlike other methodologies, to
measure both the social and environmental impacts generated by a specificmetabolic
arrangement on agroecosystems. The perspective we adopted here is as follows: an
agroecosystem will be more sustainable if its fund elements are reproduced ade-
quately through energy flows, materials, and information. This means that the agroe-
cosystem’s capacity to maintain biomass production in the long term, without rely-
ing on external inputs, is the chief manifestation of sustainable management. So far,
methods for assessing agricultural sustainability have mainly relied on a battery of
indicators of potential natural resource degradation problems, e.g., the “Framework
toAssessNatural ResourcesManagement Systems incorporating Sustainability Indi-
cators” (Marco para la Evaluación de Sistemas de Gestión de Recursos Naturales
que Incorporan Indicadores de Sostenibilidad, López-Ridaura et al. 2002) or the
Sustainability Assessment of Farming and the Environment (SAFE) (van Cauwen-
bergh et al. 2007). However, their usefulness is limited because they do not reflect the
functioning of the agroecosystem or describe the funds’ reproduction mechanisms
and, therefore, they do not reveal much about the processes that cause degradation
or the interrelationships between them. Specific modes of calculation are detailed in
the corresponding chapters.
1.7.2 Scale and Bounderies of the Study
Most metabolic studies have considered biomass as one of society’s most essential
materials. These studies have been conducted on a local or nationwide scale, covering
all materials, biotic and abiotic, without specifically considering the agricultural
sector as a unit of analysis. This work focuses on agroecosystems and its bounderies
are those of any society’s agrarian sector. It is characterized by the “production” of
living organisms (biomass), a specificity shared by no other productive sector (except
fishing). Given that the sector has required non-biotic inputs since the beginning of
the twentieth century, our proposal of agrarian metabolism also considers both biotic
and abiotic materials. This somewhat confounds the analysis as it is not possible
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to add apples to oranges, i.e., to mix biotic with abiotic factors without taking into
account their different nature and indirect costs. But if we do not embrace this twofold
analysis, it will be impossible to capture the significant change undergone by agrarian
metabolismduring its industrialization: from functioning almost exclusively onbiotic
materials at the start, it has become increasingly dependent on abiotic materials
(metallic and non-metallicminerals and, above all, fossil fuels) for themanufacturing
and operation of inputs. Future sustainable agriculture is faced with the challenge
of minimizing the use of abiotic inputs and relying on biotic materials. Knowing
the reasons for its progressive adoption in contemporary agriculture and its degree
of dependence is decisive in planning the transition towards sustainable agrarian
systems.
To summarize, AM includes the energy, materials and information exchanges
contained within all agricultural activities in a given territory in order to produce
vegetal or animal biomass for society, whether in the form of human or animal
food, raw materials or fuels, and to provide basic ecosystem services, as for other
ecosystems. Thus, any inputs not included in the list above, even if they originate—
as in our case—in the country itself, are considered imports in the same way that
all plant or animal products that go out of the territory are considered exports, even
if they end up in local society. What is the reason for this rule? In Agroecology,
the closure of agroecosystem cycles and their autonomy regarding the market or
other external agroecosystems are known to be an essential attribute of agrarian
sustainability (González de Molina and Guzmán Casado 2017).
1.7.3 Sources of Information
The analysis of the evolution of Spanish agriculture has required the collection and
processing of a huge amount of data. Until the end of the 19th century, no statistical
information had been collected on surface areas, yields, and production of various
crops. We dispose of annual production series for the most important crops—cere-
als, legumes, grapes, and olives—dating from the end of the 19th century until the
1930s (GEHR 1991). The missing information was reconstructed from complemen-
tary sources, namely annual reports published on various topics by the Agronomic
Advisory Board. In this way, we have been able to make estimations of Spanish
production for three periods: 1900, 1910, and 1922. As of 1929, annual series of
agricultural production were published: as from 1929 in the Statistical Yearbooks of
Agricultural Productions and as from 1972 in the Yearbooks of Agricultural Statis-
tics. Based on these yearly sources, we calculated five-year averages around the years
1933, 1940, 1950, 1960, 1970, 1980, 1990, 2000, and 2008. We also used five-year
averages to calculate biomass exports and imports, based on foreign trade sources.
To draw up magnitudes in biophysical terms we also considered all agricultural
residues that were utilized in someway (mainly livestock), such as straw and stubble,
foliage and branches or tuber and horticultural residues. We used historical sources
for straw, foliage, and shoots. For the remaining residue, we used the converters
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provided by the literature, that we compiled (Guzmán et al. 2014, available at www.
seha.info). Land uses were reconstructed based on the same sources, from which we
calculated the production of pastures and fallows. For firewood and wood, we used
our own estimate (Infante-Amate et al. 2014b) and that of Iriarte and Iriarte-Goñi
and Ayuda (2008).
We reconstructed the subsector of livestock productions based on livestock cen-
suses. To do this, we used data on meat and milk productions available in the 1930s
Spanish Statistical Yearbooks of Agricultural Production applying coefficients cor-
responding to previous censuses. For fertilizer production, livestock food needs,
and average weight of different species, we applied converters elaborated from the
1891 and 1917 livestock records. The biophysical approach presents a methodolog-
ical advantage in that it enables detecting and correcting possible problems in the
sources. By comparing livestock food needs, animal labor needs for agriculture, and
the availability of livestock feed, we were able to correct or validate the amount of
livestock provided by the censuses and livestock counts. A detailed description of
the sources and our methodological decisions can be found in Annex I.
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Chapter 2
Agricultural Output: From Crop
Specialization to Livestocking, 1900–2008
In this chapter, we review the animal and vegetal biomass flows of Spanish agroe-
cosystems based on the evolution of net primary productivity, its different com-
ponents and livestock production. This enables us to examine the performance of
biophysical, land and livestock fund elements as well as the changes that took
place throughout the twentieth century to meet society’s biomass requirements. As
explained in the introduction, our analysis moves away from the standard narrative
on Spain’s agricultural sector and its contribution to economic growth. A historio-
graphic review of the main transformations in Spanish agriculture since 1900s was,
however, presented in the first section of this chapter. Based on both traditional
discourse and new historiographical contributions, we determine the milestones of
change and then submit them to the discussion. The following sections aim at laying
the foundations of an alternative narrative based on the study of Spanish agroecosys-
tem productivity since 1900.
The second section is dedicated to changes in types of land use since 1900 until
now. We discuss whether Spain’s evolution really did follow the so-called forest
transition and its associated theory of productive intensification. We later analyze
the NPP of agroecosystems, breaking it down into categories to verify whether pro-
duction efforts affected their health. We then center on the domestic extraction entity
over time and its progressive concentration in cultivated lands. Subsequently, we
focus on these lands’ specialization in specificMediterranean crops oriented towards
both national and international markets. Next, we turn our attention to livestock, a
critical activity in recent decades, focusing first on its evolution before examining
livestock production. To finish, we propose a holistic understanding of the biophys-
ical implications of the sector’s industrialization.
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2.1 Traditional Historiographical Narrative of Agricultural
Transformations During the Twentieth Century
When using agricultural production increase as the main indicator and applying con-
ventional measurements, i.e. in tons of fresh products or in money, the outlook is
frankly positive. Spanish agriculture strongly intensified and multiplied its produc-
tion by 3.3 between 1900 and 2008, reaching a peak at the start of this century
turning out over 104.2 million tons, almost four times more than in 1900. These
figures emerge from the analysis of agricultural production measured in fresh mat-
ter, without compensating the distortion relating to the water content of agricultural
products. According to our own data collected in Table 2.1, all crops increased their
yields because cultivated areas decreased in size, as we will see later. Cereals, fruits
and vegetables, forage plants and olive groves grew particularly sharply, reflecting
Spain’s progressive specialization.
Livestock production grew even further, multiplying by a factor of 8.2 over the
same period (Table 2.2). It also progressively reached a heavier weight, from 7% of
Table 2.1 Evolution of agricultural production in million tonnes (Mt) of fresh matter
1900 1960 1990 2000 2008 2015*
Cereals 6.24 8.62 18.83 21.24 23.00 20.14
Legumes 0.50 0.90 0.24 0.33 0.23 0.50
Vegetables and tubers 5.37 9.77 16.77 15.95 14.99 17.09
Fruit trees 1.85 3.66 8.59 9.68 10.20 10.81
Vineyard 3.78 2.63 5.33 6.14 5.40 5.80
Olive groves 1.09 1.95 2.93 5.23 6.26 7.35
Industrial and others 1.27 4.43 9.39 9.42 6.73 4.92
Forage crops 8.40 25.52 35.61 36.34 28.33 25.41
Total 28.50 57.48 97.70 104.32 95.14 92.04
1900 1960 1990 2000 2008 2015
Cereals 100 138 302 341 369 323
Legumes 100 179 49 66 46 100
Vegetables and tubers 100 182 312 297 279 318
Fruit trees 100 197 463 522 550 584
Vineyard 100 70 141 162 143 153
Olive groves 100 179 270 482 577 735
Industrial and others 100 349 739 741 529 387
Forage crops 100 304 424 433 337 302
Total 100 202 343 366 334 323
Source Yearbooks of agricultural statistics and own calculations
*The 2015 data correspond to provisional estimates based on the Yearbook of Agricultural Produc-
tions (MAPAMA 2016)
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agricultural production to almost 17%. Meat and eggs were the major players in this
unusual growth of livestock production. Milk production increased fivefold, despite
already being the main livestock product in 1900. On the other hand, traditional
products associated with extensive breeding such as wool declined throughout the
century and became residual (Table 2.2).
Growth in agricultural production seems even more remarkable when measured
inmonetary terms.We do not dispose of a Final Agricultural Production (FAP) series
covering our entire period under study. We do dispose of sector accounts drawn up
by the Ministry of Agriculture since the early fifties, but they use three different
methodologies, as we will see in Chap. 5. By connecting the annual values of the
three series (see Chap. 4), we can conclude that the value of FAP multiplied by 5.1
(Graph 2.1a) at constant prices between 1953 and 2003. Furthermore, agricultural
production in Spain continued to grow until the turn of the century (Graph 2.1b),
unlike in the rest of Western Europe where growth came to a halt at the end of the
eighties (Martín-Retortillo and Pinilla 2015). In Spain, growth was interrupted as of
2003. Between that year and 2014, the Agricultural Industry’s production dropped by
6.4% in real terms (Graph 2.1b). At the beginning of the fifties, Spain was still subject
to Franco’s dictatorship’s autocratic economic policy anyway. Consequently, agri-
cultural production was low in relation to that achieved during the Second Republic.
Despite this, the figures reveal spectacular growth that must be attributed to the eco-
nomic effects of agriculture’s industrialization. According to estimations by Prados
De La Escosura (2003), Spanish agriculture GDP multiplied by 3.6 between 1900
and 1990.
Table 2.2 Evolution of livestock production, in thousands of tons of fresh matter
1900 1960 1990 2000 2008 2015*
Meat 517 971 5.200 7.427 8.005 8.701
Milk 1.355 3.252 6.737 7.196 7.308 7.865
Eggs 54 197 558 565 656 639
Wool 26 31 29 31 28 23
Honey and wax 6 8 24 34 34 35
Total 1.959 4.460 12.548 15.253 16.031 17.264
1900 1960 1990 2000 2008 2015
Meat 100 188 1.007 1.438 1.550 1.682
Milk 100 240 497 531 539 580
Eggs 100 366 1.034 1.048 1.217 1.183
Wool 100 117 109 119 106 88
Honey and wax 100 130 377 528 517 583
Total 100 228 641 779 818 881
Source Yearbooks of agricultural statistics and own calculations
*The 2015 data correspond to provisional estimates based on the Yearbook of Agricultural Produc-
tions (MAPAMA 2016)
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Graph 2.1 Value of agricultural production (a) and production of the agricultural branch (new
accounting system) (b), in millions of constant year 2000 euros
The upward trend can be broken down into four different periods. The first period
corresponds to the years between 1900 and 1936, when production grew by 52%,
confirming findings from previous studies (GEHR 1991; Simpson 1997) according
to which this period was one of the agricultural growth and sector “moderniza-
tion”. Between 1900 and 1931 land productivity grew by 1.2% per year and labor
productivity by 1.9% (Gallego Martínez 1993, modified by Soto 2006). Both pro-
ductivities could have increased more, but according to traditional historiographical
narrative, there were insufficient incentives to spread chemical fertilizers or mecha-
nization. However, cereal production, for which rainfed lands offered low yields and
little competitiveness, maintained itself and even increased thanks to the domestic
2.1 Traditional Historiographical Accounts of Agricultural Transformations … 33
demand of a growing population. Spain became the biggest wine exporting country
and the second biggest oil-exporting country in the 1890s after Italy (Infante and
Parcerisas 2013; Infante-Amate 2014). But this avenue would not lead to continued
expansion in export markets, because of stagnant demand and powerful competitors
in the sector (Pinilla and Serrano 2008; Infante-Amate 2014). Spain began to spe-
cialize in fruits and vegetables. This activity was to play a critical role decades later,
but it was burdened at the time by scarce public investment in irrigation as well as
fresh export food transport difficulties. In comparative terms, the factor productivity
evolved in parallel, similar in size to that of other European countries (Bringas 2000;
Clar et al. 2016, 183).
The traditional narrative generally describes this period as one of slow or insuffi-
cient growth and “modernization”. The Spanish economy’s sluggish industrialization
meant that urban demand for labor and agricultural productswas not sufficiently stim-
ulated, which in turn failed to drive an in-depth modernization of agriculture. More-
over, high capital costs and the abundance of labor in the countryside failed to trigger
speedier transformations (Gallego 2001). Nevertheless, it is important to remember
that with a few exceptions, demand for agricultural products during this period came
from the domestic market. Undoubtedly, population growth and the satisfaction of
food and energy demands were decisive. The overcoming of the depression at the
turn of the century and agricultural growth itself must have nevertheless increased the
purchasing power of a large share of the rural population, substantially improving its
diet during the first third of the twentieth century (Cussó 2005; González de Molina
et al. 2014).
The second period covers the first two decades of Franco’s dictatorship.According
to an increasingly widespread historiographical consensus, this period can be quali-
fied as simply tragic. It began with the end of the CivilWar, the regime’s international
isolation and its autarchic economic policy. Spanish agriculture’s “modernization”
experienced a sharp reversal, widening the gap with other European countries. The
lack of chemical fertilizers, due to the shortage of foreign currency and obstacles to
international trade, partly explain the decline in yields. Livestock activity was also
affected by the decreasing availability of animal feed, which, in turn, aggravated the
shortage of fertilizers—organic fertilizers in this case (Fernández Prieto 2007). Pow-
erful State intervention, through the National Wheat Service (Servicio Nacional de
Trigo), guaranteed low prices to avoid wage increase sand ended up subjecting agri-
cultural policy to industrial policy, providing poorly remunerative prices that failed to
stimulate agricultural production growth (Barciela 1986; Baricela and López 2003).
Falling agricultural and livestock production caused shortages in the domesticmarket
and a sharp drop in food availability led to spells of hunger and malnutrition affect-
ing different segments of the population, an unprecedented chapter in the country’s
recent history (González de Molina et al. 2013). The data we provide and present
later indisputably confirms this.
Things would begin to change in the fifties, once autarchic policy had proved
to be unviable. At the end of that decade, coinciding with the start of the so-called
“Stabilization Plan” (1959), our third period of study began, i.e. Spanish agricul-
ture’s last industrialization phase. Liberalization led to the sector’s rapid transforma-
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tion. It was financed by foreign investment, remittances from emigrants and income
from tourism. Yields per unit area multiplied thanks to the use of the green revolu-
tion’s complete package: improved seeds, synthetic chemical fertilizers, phytosani-
tary treatments, and irrigation. Production quickly recovered, doubling between 1900
and 1960, tripling by 1980 and almost quadrupling by the end of the century (Table
2.1). Cereal production, so far on the decline, forewarning the abandonment of tradi-
tional agriculture, promptly rebounded thanks to the growing demand of feed grains.
The expansion of irrigation surfaces played amajor part thanks to the construction
of large hydraulic infrastructures. According to Cazcarro et al. (2014), two-thirds of
Spanish agricultural production was obtained from irrigated lands. Changes in the
agricultural policy encouraged the growth of livestock, leading to an increase in its
share of final agricultural production, eventually reaching one-third of total produc-
tion (Clar et al. 2016, 190). The support given to the imports of feed and to intensive
livestock farming based on little or no land allowed to maintain incentives for tra-
ditional production, especially wheat. Agrarian trade balances became increasingly
negative, although this fact was compensated by the loss of the relative weight of the
agricultural sector in the overall trade balance and Spain’s economy generally.
Final agricultural production also grew at unprecedented rates, while its share of
total employment and Spanish GDP declined. This behavior is viewed positively, as
it is characteristic of agricultural growth and industrialization, and common to most
economically advanced countries. During the first decades of industrialization, the
sector was driven by the green revolution’s new technologies and in the eighties, the
impetus was given by resulting factor productivity gains. Despite this, agricultural
incomes are still today on the decline, compensated by CAP aid. Major productivity
improvements facilitated the transfer of labor from rural areas to urban-industrial
activities. Between 1960 and 2008, the active agricultural population fell from almost
five million to just over one million individuals. This population transfer from the
countryside to cities has also been judged as a highly positive contribution of the
agricultural sector to Spain’s economic growth.
Overall, the role of agriculture was redefined during its industrialization process.
Agriculture shifted from providing food and labor—its basic functions during the
first two periods under study—to becoming mainly a supplier of raw materials to an
agri-food complex, a business made up of the agro-industry, food distribution, and
agricultural inputmanufacturers. This shift is considered to be another notable contri-
bution to Spain’s economic growth. In fact, the agri-food trade has been generating a
surplus inmonetary terms since the beginning of the 1980s, based on quality differen-
tiation and greater external competitiveness. The sector’s transformation also sparked
other concerns relating to environmental management and rural development, that is
no longer directly linked to agricultural activity. Public administrations have become
worried about nature conservation and rural depopulation, though these issues are
only vaguely related to the model of agricultural growth that has been followed since
the late fifties.
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2.2 The Evolution of Land Uses
A biophysical study of this evolution, however, projects a less comfortable picture
and gives us more reason to be critical. We can begin with changes in net primary
productivity that originated, in turn, in modified land uses and land productivity
differences.
In Graph 2.2 we summarize the changes in land uses based on six differentiated
categories: unproductive lands, pastures, meadows, coppice, timberlands, and culti-
vated areas. A detailed account of the methodology used to estimate forestland mass
can be found in Infante-Amate et al. (2014). In this work, we propose an unprece-
dented long-term estimate of nationwide forestland uses. The task was challenging.
As already pointed out by other historians who have worked extensively with these
types of indicators: “It is difficult to determine the current state of Spanish woodlands
because sources are based on different methodologies and figures on woodlands dif-
fer significantly. In addition, as recognized in agricultural statistics, changes in the
criteria used to establish forest statistics make it impossible to connect data series”
(Barciela et al. 2005: 256–257).
Our strategywas to draw up estimates of unproductive surface areas and cultivated
areas in each province using Agrarian Statistics data. These data are more consistent
than those relating to woodlands. We then assumed that remaining areas would be
wooded or forested. Subsequently, we extracted all the sources of information on
forest areas at provincial levels. We soon observed the inconsistencies described
by Barciela et al. (2005) as we encountered changing definitions of forest mass or
unlikely shifts over time of the same forest mass. Our job was to adjust the least
plausible changes within each province and create a series of woodland data falling













































Graph 2.2 Evolution of land uses, in million hectares
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Generally, the main process of change emerged from opposing trends between
cultivated areas and woodlands. Cultivated areas grew continuously from 1900 to the
1970s, reaching almost 21 million hectares (Table 2.3). They have steadily declined
ever since reaching a little more than 17 million hectares by 2008. The fall in cul-
tivated areas is attributable to the drop in cereal system surface area. As we shall
see later, this does not imply a fall in cereal production. Rather, rainfed lands in the
interior of the country, with low yields, have decreased, often because agricultural
activity has been abandoned. We will come back to this issue in Chap. 4.
As mentioned, woodlands followed the opposite trend. In the mid-nineteenth
century, Spain’s total forested area was about 32 million hectares (MH), occupying
almost two-thirds of the land.1 By 1900, the first year for which we can make a rea-
sonable estimate, it had fallen to 29.85MH. In 1960, the figure was 25.92MH (Table
2.3). More than 6 MH, one-seventh of the country’s territory, had been deforested.
Deforestation processes have taken place all over the world. It is estimated that since
the invention of agriculture, 15–45% of woodlands have disappeared, at a different
pace and according to distinct regional patterns throughout history (McNeil 2001:
229). In Europe, by the mid-seventeenth century, more than a third of the entire
continent had been deforested (Williams 1990), thus accentuating a process initiated
in ancient times (Kaplan et al. 2009). Since 1500, the disappearance of woodlands
and the consequent shortage of forest resources seems to have become clearly prob-
lematic for most European countries, as it kept worsening well into the nineteenth
century (Allen 2003; Warde 2006: 41–42; Radkau 2008: 139, 2011; Parrotta and
Trosper 2012: 216). Spain’s deforestation, therefore, is part of a process common to
the whole continent in which increasing pressure on resources and the expansion of
agricultural borders ended up substantially reducing woodland areas (Boserup 1965,
1981). Spain, however, presented some peculiarities. Loss of forest mass lasted until
the mid-twentieth century (Table 2.3), while in much of Europe it had already slowed
down throughout the nineteenth century and forests were beginning to be managed
intensively, concentrating on timber production once fossil fuels began to replace
firewood (Table 2.3).2
In all events, according to the reconstructed data used in this work, the total forest
area fell during the first half of the twentieth century by 3.38 MH, of which only
0.86 MH were forested (Graph 2.3). That is, the loss of forest masses concentrated
in bush and pasture areas, that dropped by more than 2.52 MH. Deforestation during
these years did not imply, therefore, a big loss of trees. The surface area of timber
woodlands increased from 2.84 to 3.70 MH between 1900 and 1950 (Graph 2.4).
Thus, Spanish woodlands began to specialize in timber, a trend that greatly inten-
sified in the second half of the twentieth century (Graph 2.4). This development is
much better accounted for mainly because “complete” woodland statistics began to
be published, and timber woodlands grew sharply, reaching 7.46 MH in 2000. Thus,
1Though we do not know which parts were forested.
2According to Warde (2006: 37) we can get a glimpse of this process in Central Europe in the 14th
century, though it really boomed at the end of the 19th century. See: Williams (2003: 164), Radkau
(2008: 214), Agnoletti et al. (2011) or Parrotta and Trosper (2012: 219–20).
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Graph 2.4 Surface area of timber woodlands and wooded areas in thousands of hectares. Source
see methodology section
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during the second half of the twentieth century, total forested areas in Spanish wood-
lands reversed their downward trend, increasing from 12.09 to 16.41 MH (Graph
2.3). Reforestation plans that started to be implemented at the beginning of the twen-
tieth century were implemented from the 1940s onwards, so forest policies focused
on the upsurge of conifers and fast-growing timber species. The Spanish economy
demanded increasing amounts of timber as a rawmaterial while firewood scrublands
lost relevance (Graph 2.4).
This growth of woodlands is a textbook case of the process we describe today as
forest transition (see Lambin and Meyfroidt 2011), that is, a shift from decreasing
to increasing forest areas. The case of Spain epitomizes what happened in many
other industrialized countries where the advance of agricultural areas eventually
halted, giving way to the recovery of forest areas. However, as we will see later, the
process can often be explained by the fact that cultivated areas have been displaced to
other countries. Strictly speaking, countries that increased their forest areas actually
displaced deforestation to other parts of the world (Meyfroidt et al. 2010). This seems
to be the case in Spain. As estimated in another study (Infante-Amate et al. 2018),
at the beggining of the 20th century Spanish imports represented a little over 700
thousand hectares of embodied land (due to biomass imports). In 2008, the figure
reached over 11million hectares, a much higher figure than that of woodland growth,
and that has not exceeded 3 million hectares since that date.
2.3 Evolution of Actual Net primary Productivity
Contrary to interpretations in Sect. 2.1, agricultural production as a whole, that is,
actual net primary productivity (NPPact), did not grow as spectacularly as freshmatter
or monetary statistics seem to imply. NPPact grew by only 28.5% between 1900 and
2008, though not in a uniform way over the period (Graph 2.5). During the first
half of the century, productivity increased by only 5%, while in the second half
of the century, growth was much more significant, reaching 22%, coinciding with
major changes in the sector (Graph 2.5). At the turn of the century, growth seems
to have slowed down: actual NPP only grew by 1% between 2000 and 2008. In
any case, industrialization did not actually lead to greater yields per unit area if we
consider the agroecosystems’ overall capacity to produce biomass. This observation
should challenge the view that industrialization is associated with the massive use
of external inputs and yield increases. What actually occurred, as we will see at the
end of this chapter, was that production efforts were concentrated in a handful of
plants, and biomass was translocated focusing on the socially useful parts of plants;
this phenomenon had greater repercussions than the increase in yields per unit area
and crop.
Table 2.4 shows comparative data according to the evolution of land use.Worthy of
note, woodlands include forested or woodlands directed mostly at timber use, while
pasture lands include not only meadows and grasslands but also forests for livestock
use and pasture plots; therefore, the data on uncultivated surfaces in Table 2.5 and the
data in Table 2.4 are not the same. Given that woodland and livestock use are both
included in woodlands, when calculating the NPP/ha, we assumed that woodland












































Graph 2.5 Net primary productivity according to production origin, in Mt of dry matter
Table 2.4 Net primary productivity according to land use, in Mt of dry matter
1900 1933 1950 1970 1990 2008
Farmlands 66 91 73 84 99 104
Pastures 122 111 131 127 117 130
Woodlands 57 54 54 73 76 81
Total 245 256 258 283 293 314
Interannual
variation
1900 1933 1950 1970 1990 2008
Farmlands 100 138 111 127 150 157
Pastures 100 91 107 104 96 107
Woodlands 100 95 96 129 134 142
Total 100 105 105 116 120 128
Real NPP/ha 1900 1933 1950 1970 1990 2008
Farmlands 4.0 4.5 3.7 4.0 4.9 6.0
Pastures 4.5 5.0 5.7 6.4 6.1 6.3
Woodlands 1.9 2.1 2.0 2.8 2.9 2.8
Total 4.8 5.1 5.1 5.6 5.8 6.2
Farmlands 100 112 92 100 123 150
Pastures 100 111 127 142 136 139
Woodlands 100 109 108 148 151 146
Total 100 106 106 117 121 128
Source Agrarian statistics
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Table 2.5 Net primary productivity according to origin, in Mt of dry matter
1900 1933 1950 1970 1990 2008
Woody crops (aerial) 1.1 1.4 1.7 2.0 2.0 2.1
Woody crops (roots) 0.5 0.5 0.7 0.7 0.7 0.6
Woodlands (aerial) 0.5 −0.1 0.7 9.3 10.4 9.8
Woodlands (roots) 9.6 9.1 9.0 9.7 10.4 11.1
Total accumulated biomass 11.7 10.8 12.0 21.7 23.4 23.7
% of real NPP 4.8 4.2 4.6 7.7 8.0 7.5
Crops (aerial) 19.0 26.9 19.9 15.5 20.6 27.0
Crops (roots) 21.1 29.6 22.5 21.2 22.1 22.1
Pastures (aerial) 53.6 44.9 49.9 64.3 60.3 64.6
Pastures (roots) 54.2 49.4 58.0 56.3 52.2 57.8
Woodlands (aerial) 16.3 15.4 15.4 19.3 20.0 21.6
Woodlands (roots) 19.2 18.1 18.5 26.9 27.6 29.0
Total non-harvested biomass 183.4 184.3 184.2 203.5 202.9 222.1
% of real NPP 75.0 72.0 71.4 71.8 69.3 70.7
Domestic extraction 50 61 62 58 66 68
% of real NPP 20.2 23.7 23.9 20.5 22.6 21.8
Total aerial biomass 140 149 149 168 180 194
Total root biomass 105 107 109 115 113 121
Total real NPP 245 256 258 283 293 314
Source Agrarian Statistics and author’s own compilation
corresponded to all land classified as such, including pasture woodlands. Therefore,
we subtracted forest from these woodlands to calculate potential grazing areas. Obvi-
ously, the actual NPP per hectare grew in the same proportion as in absolute terms
as the stock of useful land is fix, except for marginal fluctuations of unproductive
surfaces. However, annual amounts of biomass production differed according to the
type of land use (Table 2.4). The actual NPP increased more in cultivated areas
(57%) and in woodlands (42%) than in the pastures which grew by only 8% (Table
2.4). This means that human pressure to increase production concentrated mainly in
cultivated areas, where biomass utility is greater. It measured essentially the same
area size in 2008 than in 1900. In fact, by 2008, at the end of the series, productivity
per hectare had grown by 50% compared to 1900. This growth took place despite
relative extensification pointed out when analyzing agricultural production in fresh
matter in recent years (Table 2.1).
The increase in woodland biomass, however, was due, as we have seen, to the
increase in woodland area, the increase in forests, improved management and, para-
doxically, the abandonment of many traditional types of use, especially firewood
collection. When comparing woodland productivity per hectare between 1900 and
2008, an increase of 46% can be observed compared to the beginning of the cen-
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tury (Table 2.4), resulting from forested area growth from 2.8 million hectares to
8.3 million hectares. The small increase in pasture NPP can be explained both by
the decrease in surface area and, paradoxically, by Spain’s abandonment and under-
usage of lands dedicated to this use. This becomes more evident when looking at
productivity per hectare, which increased by almost 40% since 1900 (Table 2.4).
Interesting aspects of actual NPP’s evolution come to light when broken down
into different categories. As we have already observed, the net primary productivity
of woodlands grew the most, after farmlands. This was largely due to a notable
growth of forested areas and accumulated biomass, which doubled over the period,
revealing a growing percentage of total net primary productivity, from 4.8 to 7.5%.
Accumulation of biomass in the aerial parts of woodlands, which multiplied almost
20-fold, was the main factor (Table 2.5). Woody crops, which hardly doubled, made
a much less significant contribution. Biomass accumulated in the roots of woodlands
and woody crops grew even less (Table 2.5). This accumulation can be explained
by a dual phenomenon: on the one hand, areas with trees multiplied threefold, on
the other, the use of firewood from Spanish forests was disappearing as the energy
transition progressed in households and firewood was replaced with butane gas as
well as electricity (though to a lesser extent). Biomass accumulated in trees and in
general in forests because it was no longer harvested for firewood. This accumulation
greatly intensified from the sixties onwards and explains the proliferation of recorded
forest fires in public woodlands ever since (González de Molina and Casero 1992).
Although forested areas grew throughout the century, this progression accelerated
over the last decades for two reasons: a peak in household energy transition and
the implementation of public policies of conservation and declaration of protected
natural spaces.
Unharvested biomass, i.e., biomass that is not appropriated for human use,
supports trophic chains. It provides food for the herbivorous species inhabiting the
agroecosystems and therefore it also helps to sustain their diversity. As we will see
later, unharvested biomass is a good indicator of agroecosystem health. Its evo-















































Graph 2.6 Evolution of Net primary productivity according to the use, in Mt of dry matter
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element. Overall, this biomass type grew by 21% in absolute terms, but in relative
terms, it contributed the least to the growth of total NPP, clearly below the average
(Graph 2.6). This means that its importance dropped in relative terms from 75 to
70.7%. This drop was worst in pastures and farmlands and we will see the conse-
quences of this later. Until the 1960s, Spain’s annual biomass production remained
essentially stable, growing by only 2% during those decades (Graph 2.6). It actu-
ally began to grow from that period onwards and would accelerate in the 1990s
(Graph 2.6). The growth was due, as in the case of accumulated biomass, to the
expansion of woodlands, i.e., of forested mountains, especially aerial parts and the
falling use of harvest residues in croplands.
Only approximately one-fifth of total NPPwas appropriated throughout the period
by humans (Graph 2.6), that is, it was extracted from agroecosystems. This amount
of biomass is called Domestic Extraction, which we analyze below.
2.4 Evolution of Domestic Extraction
Graph 2.7 shows the evolution of vegetal biomass extracted from Spanish agroe-
cosystems between 1900 and 2008, in percentage. As pointed out earlier, dry matter
is the most suitable way of measuring the real significance of the changes. This is
because current varieties have higher water contents and a shift towards crops that
require more water affects total production weight. In addition, irrigation allowed
multiplying yields per unit area. Crops that are impossible to produce in rainfed con-
ditions have turned into Spanish agriculture’s main specialization, as is the case of
Graph 2.7 Evolution of net primary productivity according to the use, in percentage
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fruits and vegetables.3 Domestic Extraction (DE) of biomass, that is, biomass appro-
priated directly or indirectly by Spanish society, grew by 38% throughout the period,
i.e., more than NPP (28%) (Graph 2.7). The increase in agricultural production based
on our measurements differs from the increase obtained using conventional calcu-
lations: while in monetary terms “agricultural production” grew almost sixfold, it
grew only by 38% in physical terms. Agriculture’s great leap forward following
its industrialization can be put into perspective if we consider not only commercial
biomass, but all the biomass appropriated by Spanish society: both that with end uses
in society and biomass reused in agroecosystems to feed livestock, used as seeds, etc.
The difference is even more notable when considering the total biomass necessary to
reproduce the fund elements that maintain agroecosystems production capacity, i.e.,
the NPP. These “costs” are usually not included in national accounts nor, therefore,
in agricultural sector accounts (Table 2.6).
We can, therefore, argue that Domestic Extraction growth was, in fact, modest,
which explains that its share in Spanish agroecosystem NPP hardly increased, going
from 20.2% in 1900 to 21.8% in 2008. The period of maximum levels of relative
Table 2.6 Biomass domestic extraction in Mt of dry matter
1900 1933 1950 1970 1990 2008
Crops 11 17 14 25 36 38
Harvest residues 13 16 15 19 18 14
Pastures 14 17 23 6 5 8
Woodlands 11 11 11 8 8 9
Total 50 61 62 58 66 68
Crops 100 149 124 222 318 336
Harvest residues 100 123 111 148 138 108
Pastures 100 123 160 43 35 57
Woodlands 100 102 96 70 68 83
Interannual variation 100 123 125 117 134 138
Productivity per ha
Crops 0.7 0.8 0.7 1.2 1.8 2.2
Harvest residues 0.5 0.7 0.6 1.0 0.9 0.7
Pastures 5.0 4.8 6.1 1.0 0.7 0.9
Woodlands 0.2 0.2 0.2 0.2 0.2 0.2
Domestic Extraction per ha 6.4 6.5 7.7 3.3 3.5 4.0
Source Agrarian statistics
3Water in semi-arid climates like that of Spain has been one of the key factors of agricultural
industrialization. Irrigation is of fundamental importance. However, the complexity of the subject
requires a separate study and we do not address the issue in this book. We are currently fine-tuning
our approach to water and its role in Spanish agriculture from the metabolic point of view. A future
work is thus under way on this question.
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extraction took place in the 1950s, coinciding with the end of traditional agriculture
(23.9%), when production difficulties caused by Francoism led to the highest level of
appropriation of biomass, in a context of falling yields. However, in absolute terms,
the largest amounts of biomass were extracted in the year 2000, reaching almost 70
million tons of dry matter, mostly from crops (77%) (Graph 2.8).
A disaggregated analysis shows that Domestic Extraction growth concentrated on
the marketable portion of the plants, increasing by 236% compared to 1900, due to
a limited 8% growth in residues. In contrast, biomass appropriated by pastures and
forests decreased, respectively by 46 and 17%. The different behaviors of biomass
types become clearwhen observing the evolution of productivity per hectare. Primary
crop productivity increased threefold, while residue productivity only increased by
40%. Pasture abandonment and underuse explain an extraction drop of up to 81%
for these lands, below one ton per hectare, despite having reached more than six
tons in the 1940s and 1950s. Forest conservation policies and household energy
transition, as mentioned above, explain the decrease in woodland extraction per
hectare (17%). Either way, the evolution of Domestic Extraction uncovers significant
changes where primary crops were favored over other kinds of biomass. In this
sense, the industrialization of agriculture led to a significant increase in produced
biomass, but this increase concentrated in the cultivated lands and more specifically
in the most commercially oriented crops. In fact, extraction in these lands went from
22.5 to 54.8% of total Domestic Extraction in 2008, reflecting Spanish agriculture’s
production specialization, as we will see in the following section.
Important changes also took place in the end uses of Domestic Extraction
(Graph 2.9). Biomass aimed at human food accounted for 9% in 1900 rising to
14% in 2008. Similarly, use of biomass as a raw material went from 1% in 1900 to
4% today. The major change, however, concerned biomass aimed at animal feed. As









































Graph 2.8 Domestic biomass extraction by origin, in Mt of dry matter











































Graph 2.9 Destination of biomass domestic extraction in Mt of dry matter
agricultural tasks were carried out using working animals. In 2008, that percentage
rose to 57.5%, reaching its highest percentage in 1960 with a share of almost two
thirds (Graph 2.9). Since that decade, around 40 million tons of dry matter have
been used to feed livestock, despite animal traction no longer being used. As we will
see below, growth of livestock has reached unprecedented levels in recent decades,
linked to notable diet changes, specializing in meat and dairy products.
On the other hand, Domestic Extraction aimed at timber and firewood decreased
considerably, from 32% in 1900 to 21% in 2008 (Graph 2.9), mainly due to the lesser
weight of biomass energy use, thanks to the arrival of gas to Spanish households.
However, the drop in firewood use, especially fromwoodlands,was partially offset by
the use of wood as a raw material. This fact is consistent with the growth of forested
woodlands mentioned previously. Spanish forest Domestic Extraction thus dropped
by only 17%, less than firewood consumption based on this source. Strikingly, as
from the 1950s, burnt harvest residues eventually reached 3.6 megatons in the 1990s,
i.e. 5.5% of total Domestic Extraction, a real wastage. The prohibition of stubble-
burning, ameasure taken to prevent forest fires, led burning to fall by half (Graph 2.9).
As shown in Graph 2.10 and Table 2.7, Domestic Extraction decreased per capita
by 26%. This drop was due to several processes: firstly, population growth, despite
total consumption increase, and secondly the steep decline in firewood use. Per capita
extraction of wood and firewood from forests was almost 600 kg in 1900 dropping
to almost 200 kg in 2008. On the other hand, extraction from agricultural land went
up in accordance with food consumption increase, going from 600 kg per capita in
1900 to 815 kg in 2008, a 36% increase. Conversely, harvest residue extraction and
pasture use dropped significantly, in line with pasture abandonment and the burning
of residues. Progressive decoupling between consumption and extraction, especially
notable since 1960 also had amajor impact, aswewill see, on the decline ofDomestic










































Graph 2.10 Domestic biomass extraction per inhabitant in several countries and theworld average,
in tons per inhabitant per year
Table 2.7 Destination of domestic extraction in Mt of dry matter
1900 1933 1950 1970 1990 2008
Human food 4.4 6.6 5.3 8.0 10.0 9.4
Animal feed 27.8 36.6 39.0 33.2 36.6 39.4
Seeds 0.6 0.9 0.7 1.1 1.2 1.3
Wood and firewood 16.0 15.7 15.9 13.4 13.4 14.6
Raw materials 0.7 0.8 0.6 0.8 1.5 2.6
Burned residues 0.0 0.0 0.2 1.5 3.6 1.3
Total 49.5 60.7 62 58.1 66.3 68.5
Human food 100 149 119 179 224 212
Animal feed 100 132 140 120 132 142
Seeds 100 155 115 180 191 209
Wood and firewood 100 98 99 84 84 91
Raw materials 100 114 98 126 229 392
Burned residues 0 0 100 756 229 616
Interannual variation 100 123 125 117 134 138
Source Agrarian statistics and author’s own compilation
Extraction. While Domestic Extraction per capita fell by 6.5% between 1960 and
2000, Domestic Consumption grew by 5.7%.4
In comparative terms, the drop in Domestic Extraction per capita throughout the
twentieth century was less significant than in other countries such as Japan or the
USA, but higher than in the rest of the world (Graph 2.10). One reason is the partial
4Consumption and trade dynamics are analyzed in detail in Chap. 6.
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replacement of biotic materials with abiotic materials in the Spanish economy’s
metabolism flows. Vegetal biomass lost part of its energy functions (especially as a
domestic fuel source or stockfeed), but its use as a rawmaterial for industry increased,
especially in the case of wood, which in many industrial processes, is very difficult
to replace (Infante-Amate et al. 2014b). In other words, Spanish agroecosystems that
once provided most of society’s needs in energy and raw materials now specialized
in human and animal food as well as raw materials for industry. This is the reason
why Domestic Extraction and production efforts concentrated in crops and, to a
lesser extent, in wood production. In this sense, the most significant transformations
undergone by agroecosystems are related to the growing importance of animal feed
in Spanish agriculture, as we will see in the following sections, and in industrial
wood demand.
2.5 The Specialization of Spain’s Agricultural Production
The analysis of the evolution of net primary productivity and Domestic Extraction
in Spanish agriculture has shown how growth has concentrated mainly in crops, and
especially in grains rather than residue. In this section, we analyze the evolution of
different crop groups and their specialization patterns. The analysis of dry matter,
unlike conventional approaches based on fresh matter described in the first section
of this chapter, facilitates the appreciation of specialization patterns. By combining
dry and fresh matter analyses, we can uncover some of the problems of Spain’s
agricultural specialization during its industrialization process.
According to the data in Table 2.8, virtually all crops increased their production
throughout the twentieth century. The crop that grew the most was olive trees, in line
with its expansion throughout the twentieth century (Infante-Amate 2014). The only
exceptionswere legumes, whichwent from4%of total production at the beginning of
the century to becoming marginal, as well as potatoes. Potato production increased
until mid-century, undoubtedly due to its key role in peasant diet, and its weight
decreased thereafter. Production levels in 2008 were similar to those of 1900. This
was a general European phenomenon for two essential reasons: a reduction in per
capita consumption, and the increase of imports. Beyond this rapid growth in overall
crop production, especially visible in the second half of the twentieth century, dry
matter figures draw a quite different picture of specialization compared to that of fresh
matter. Indeed, the most commercial and export-oriented crops (horticultural crops
above all) incorporate water quantities, as well as water demands, that are far higher
than other crops such as cereals, with a much higher content of dry matter. In 2008,
these accounted for 53.8% of dry matter, compared to 21.9% of fresh matter. This
different way of presenting the data shows that Spanish agriculture specialization has
been based on water export and the increasing use of water resources in an eminently
semi-arid country, as pointed out in the literature (Cazcarro et al. 2015; Duarte et al.
2014).



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2.5 The Specialization of Spain’s Agricultural Production 51
One of the most notable results is that not only has the weight of cereals in grain
crop production actually not declined, but it also grew throughout the twentieth
century (Table 2.8). The reason is not an increase in the share of cereals in the
Spanish diet but rather a reorientation of the production of the cereal system. In
fact, the percentage of cereals in all crops decreased until the 1960s because of diet
changes, implying a greater varieties and the presence of other Mediterranean diet
products (González deMolina et al. 2014, 2017). The percentage began to grow back
from that date onwards. Among the crop groups, cereals grew themost between 1950
and 2008 (244%), coming only after olives. This growth must be linked to livestock
specialization in the second half of the twentieth century, a factor that underpins
most of the arguments put forward in this chapter. In fact, figures in Table 2.9 show
that this livestock reorientation concentrated in farmlands. The production of crops
for animal feed increased from 49% in 1900 to 65% in 2000 and 2008. In contrast,
human food fell from 40% of production in 1900 to 25% in 2008. This reorientation
mainly concerned fodder and cereals, although the evolution of fodder was different
from that of cereals. Its share in crop production grew to 30% in 1960 and dropped
to 17% in 2008 (although in absolute terms, this was one of the groups that grew the
most throughout the period).
As we will see in the next section, this production reorientation was related to
livestock transformations. It can also be observed in cereal group transformations
(Table 2.10). The two cereals that grew the most were barley and corn, both of which
are mostly used for stockfeed. In fact, barley replaced wheat as the main cereal since
1980, though over the last decades a growing share of wheat has also been used for
animal feed. In the same way, cereals such as rye destined for human consumption
and that used to be at the heart of Spanish organic agriculture have become marginal,
as in the case of legumes.
2.6 Spanish Livestock in the Twentieth Century
In this section, we study the evolution of livestock and its relationship with the land.
Livestock is the other biophysical fund element that we considered crucial to agroe-
cosystems. It was a core element for the reproduction of traditional organic agricul-
ture, providing services as essential as manure, traction for heavier work, transport
or the provision of food and indispensable rawmaterials. In recent decades, livestock
activity has played an unprecedented economic and nutritional role, which should
have attracted greater attention from agricultural historians. There are numerous
gaps, however, in this fundamental chapter of the sector’s history.
We overview Spanish livestock transformations throughout the twentieth century,
its changing role in the sector as a whole and its relationships with agriculture.5 To
perform the study, we compiled the data of all livestock censuses carried out in Spain
between 1891 and 2012. In Annex I, we examine the reliability of these censuses and
5Starting with the pioneering works of GEHR (1978, 1979) and García Sanz (1991).















































































































































































































































































































































































































































































































































































































































































































































































































































































































































54 2 Agricultural Output: From Crop Specialization …
livestock counts are corrected wherever reliability problems were found. The annex
explains the method used to verify and correct the figures (Table 2.11).
Overall, Spain’s livestock changed fundamentally throughout the twentieth cen-
tury, shifting from organic-based livestock, closely linked to the territory, to live-
stock of an industrial nature, mostly stabled, landless and thus much more dependent
on stockfeed, industrial inputs and international trade. This change brought about
notable growth of total herds, from 54 million heads to 838 million heads, with
significant transformations to their composition, destination of products and ser-
vices, management and feeding. In terms of live weight, the livestock multiplied
by 2.4, from 2.8 million tons at the beginning of the twentieth century (with peaks
Table 2.11 Evolution of livestock live weight in thousand of tons between 1900–2008 and 1900
= 100
Years Bovine Ovine Goats Porcine Equine Poultry Rabbits Total
1900 690 543 102 141 636 43 8 2163
1910 856 601 121 180 713 50 9 2530
1922 1173 550 116 251 756 58 11 2915
1933 1339 630 151 373 794 67 13 3366
1940 1454 662 225 430 723 54 15 3562
1950 1422 544 175 292 754 53 7 3248
1960 1198 648 100 309 655 90 78 3078
1970 1402 545 79 315 418 661 39 3458
1980 1681 485 70 634 203 1334 206 4612
1990 1876 858 124 1043 159 1258 45 5363
2000 2238 826 90 1370 101 2007 88 6720
2008 2215 705 91 1547 101 2078 89 6826
Inter annual variation 1900 = 100
1900 100 100 100 100 100 100 100 100
1910 124 111 119 128 112 117 117 117
1922 170 101 114 178 119 135 135 135
1933 194 116 149 265 125 156 156 156
1940 211 122 221 305 114 126 186 165
1950 206 100 173 207 119 124 88 150
1960 174 119 99 219 103 209 966 142
1970 203 100 78 223 66 1533 479 160
1980 244 89 69 449 32 3093 2540 213
1990 272 158 122 739 25 2918 550 248
2000 324 152 88 971 16 4654 1092 311
2008 321 130 89 1097 16 4819 1101 316
Source Corrected livestock censuses (see Annex I)
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of around 3.4 million in the 1930s), to almost 7 million in the middle of the last
decade (Table 2.11). This huge increase would also have considerable environmen-
tal impacts, especially those generated by intensive livestock farming and the increase
of GHG emissions (Lasaletta et al. 2014a, b).
The pace of change during the twentieth century, however,was irregular. Livestock
increased by 55.6% between 1900 and 1940, stalled between 1950 and 1960 and
rose again rapidly between 1970 and 2008 (97%) (Graph 2.11). The first third of
the twentieth century was a period of livestock growth. Significantly, this increase
was consistent with a notable rise in agricultural production. Throughout the first
30 years of the twentieth century, most of biomass Domestic Extraction growth
concentrated in cultivated lands. These cultivated lands also continued to expand at
the expense of pasture and coppice. However, this fact did not affect the growing
numbers of livestock, since the biomass aimed at livestock feed also increased. The
reason was the rising amounts of stockfeed harvested on farmlands (forage crops,
artificial meadows, cereals and legumes for animal feed, harvested residues, etc.),
leading to a rise in its share of total stockfeed from 49% in 1900 to 54% in 1930.
This was due to a moderate growth inland productivity that took place during the first
decades of the twentieth century and increasing domestic extraction in the pastures,
despite reductions in their surface area. Imports of stockfeed were not significant
during these years.
After 1936, the analysis of censuses and livestock production yields showopposite
and seemingly incompatible results (Graph 2.11). Apparently, livestock must have
declined considerably during the Civil War, a drop that is not reflected in the census
after 1936. This census presents an even larger livestock than that of 1933. An
examination of the censuses described in Annex I show that 1940 and 1950 data
appear to be plausibly adjusted to livestock feeding capacity. How can we explain
this ostensibly odd livestock evolution? Our data do not invalidate the sector’s likely
depression after livestock destruction during the war, but they show an abnormally
high number of offspring in the 1940s’ census. Our hypothesis, which would need to



















































Graph 2.11 Evolution of live livestock weight in thousands of tons
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during those years to recover the livestock, allowing many more offspring to reach
adulthood. This would explain that livestock production was as low as shown in the
statistics, while the censuses indicated such high values. On the other hand, during
the second half of the twentieth century, the Western World adopted an industrial or
intensive livestock model, closely linked to the considerable increase of products of
animal origin in diets. The Civil War and the Autarchy delayed Spain’s adoption of
this model, in lockstep with the industrialization of agriculture and of the Spanish
economy generally (Infante et al. 2015).
Circumstances under early Francoism help to understand the extent of the trans-
formations undergone since the sixties. Contrary to previous reports (Domínguez
2001a, b), livestock industrialization, and that of agriculture as a whole, did not con-
cern an agricultural sector such as that had existed before the war. The sector had
gone back to being almost entirely organically based and its territorial balance had
been shattered by two decades of autarchic agricultural policy. This point is relevant
because peasants were much less able to adapt to market-induced changes and the
State’s food policies than in the first third of the twentieth century (Fernández Prieto
2007).
Livestock’s internal composition and its end uses also underwent considerable
transformations that we can categorize into four major groups. The first series of
changes is related to labor and transport livestock, which was characteristic of agri-
culture prior to mechanization. Labor and transport livestock lost ground to livestock
aimed at human food. The reason is that livestock was replaced by internal combus-
tion engines, both for mechanization and transport (since trucks are used more than
rail in Spain). In fact, equine livestock became almost marginal over time. Horses,
mainly dedicated to recreation or sports activities, barely reached 240,000 heads
nationwide in 2008, while mules did not exceed 28,000 heads and donkeys 55,000.
In contrast, at the beginning of the twentieth century, equine livestock represented
29.4% of live livestock weight, to which we should add a large part of the cattle,
which then represented 32% of the total.
The secondmajor transformation was the loss of relative importance of traditional
livestock breeding. Ovine and goat livestock, once tied to pasture and forest lands
according to their feeding needs and breed and thus better adapted to land and climate
conditions, shrunk and lost importance throughout the century. At the beginning of
the twentieth century, both types of herds represented 29.1% of live weight. In 2008,
sheep accounted for little more than 10% of herds, specialized in the production of
lambs and to a lesser extent, of milk for cheese. Goat livestock, on the other hand,
represented only 1.3% and was dedicated to the same purposes as sheep.
The third transformation was that experienced by cattle. In 1900 beef cattle repre-
sented 31.9% of live weight and represented the main species. Today, cattle’s relative
weight has increased slightly, reaching almost one-third of the total. However, big
changes have taken place within this category, related to breeds, specialization, and
feeding. A large share of cattle used to be dedicated to fieldwork and to a lesser
extent to transportation. The use of yokes of oxen was very common for tillage or
threshing at the beginning of the last century. Oxen-pulled carts were commonly used
to transport goods. Cows were dedicated to breeding and punctual agricultural tasks.
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Most of the milk was thus used to breastfeed calves, in turn rarely aimed at meat
production. This livestock’s life cycle exceeded 10/12 years. They were sacrificed
once their useful life—whether in the field or for reproduction—had come to an end.
Beef livestock predominated in the center and south of the peninsula, while mixed
livestock, also dedicated to the production of meat and milk, was prevalent in the
north. This diversified use was gradually substituted by livestock specialized in meat
and milk. Breeds were improved to maximize production, they were stabled and fed
with compound feed.
Porcine livestock followed a similar path. At the beginning of the century, pigs
represented almost 6.5% of livestock in terms of live weight and the predominant
breeds were those belonging to each agrarian area of the country. This type of live-
stock was fattened, slaughtered and preserved as cold meats and sausages to serve
as a supply of quality proteins for the whole year. It was associated with the survival
of the poorest strata of the peasantry. Pigs’ diet was based on oak acorns in pasture
land and forests and, to a lesser extent, on domestic organic waste. Today porcine
herds represent 22.7% of livestock, coming after cattle and poultry in total livestock
weight. Pig breeding has now become a highly industrialized activity that provides
meat at affordable prices. It represents one of the pillars of the Spanish diet. They
are bred in large intensive farms, are stabled on a permanent basis, given compound
feed and undergo frequent veterinary treatments.
The fourth and final series of transformations concerned poultry. Breeding, espe-
cially that of poultry, is today a major livestock activity also involving intensive
production and permanent stabling. In 2008, poultry represented 30.4% of total live-
stock live weight with almost 737 million heads dedicated to the production of meat
and eggs, with increasingly shorter breeding cycles and fed with grains and concen-
trates. Poultry breeding, feeding, and use have radically changed. At the beginning of
the last century, chickens were raised to produce eggs and when production declined
they were slaughtered for meat or other dishes. Chickens’ diet competed with human
food, as in the case of pigs, hence their limited numbers. They were fed household
organic waste or crops. Rabbits followed a similar trend but to a lesser extent. Once
the most popular hunting product, they became farm animals.
To summarize, these transformations reflect the reorientation of Spanish live-
stock throughout the industrialization process from a multifunctional use of animals,
typical of traditional organic agriculture (suppliers of food, labor, manure and raw
materials such as wool, fats, skins, etc.) to livestock centered on the production of
food mainly for human consumption. The species that grew the most in terms of live
weight and number of heads were pigs and poultry, that is, monogastric livestock, to
the detriment of herbivorous livestock, with the consequences that we will see below.
Livestock feeding thus depended mainly on pastures and harvest residues (45%
and 25%, respectively) until the 1960s. From then on, it began to depend on quality
feed from crops and industrial processing. Since the 1980s, an increasing share of this
feed has come from foreign trade. In 2008, 48%of stockfeed came fromprimary crops
and 15% from net imports (Graph 2.12). Meanwhile, a large part of the agricultural
area used was abandoned or the pastures were underutilized, as shown by the drastic
reduction in grazed biomass.










































Graph 2.12 Origin of animal feed, in Mt of dry matter
Livestock, once closely linked to agriculture and pastures, lost part of its ties
to the land and the food it produced. As is commonly known, in organic agrarian
systems, livestock not only provided food products to society, but also played an
essential part in sustaining agricultural activity, both in termsofwork and replacement
fertility. For this reason, simply comparing this type of livestock with later livestock,
especially with intensive livestock farming, in terms of productivity andmarket links,
is inappropriate. The industrial livestockmodel is compatible onlywith industrialized
agriculture that relies on industrial inputs. As we have pointed out, the model’s
adoption is mostly linked to profound changes in the animal feeding model. The
model favors breeds that are dependent on grain food thus increasing reliance on
industrial feed. Over the last fifty years, this dependence has relied on growing
biomass from crops to the detriment of pastures, and on the increase of feed imports.
Meanwhile, livestock has become increasingly central to Spanish agriculture as a
whole. Its significance in monetary terms was highlighted in the first section of this
chapter, but it can also be appreciated in biophysical terms. Domestic Extraction for
animal feed went from 27.8 Mt of dry matter in 1900 to 39.4 Mt in 2008, from 56%
to 57.5% of total extraction. Furthermore, livestock has grown at a much higher rate
than the domestic availability of stockfeed (a 215% increase in live weight between
1900 and 2008 compared to an 82% increase of stockfeed). As a result, levels of
Domestic Extraction have shown to be insufficient to maintain the livestock growth
rate and its food requirements, explaining the need to resort to feed imports.
2.7 Livestock Production
The evolution of livestock production logically reflected the transformations
reviewed above.We can decompose its analysis into three major periods: first, that of
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continuous production growth until the mid-thirties, marking the end of the agrarian
crisis at the end of the century; second, the period of crisis including the Civil War
and autarchy that lasted until the mid-sixties; and a third and final period of accel-
erated production growth, especially of meat and milk, from the 1960s until today.
The first period was characterized, as we have seen, by sustained growth of livestock
leading to increased livestock production. Nevertheless, the production downturn
of the last third of the 19th century was not overcome until the 1920s (García Sanz
1991; Garrabou and González deMolina 2010). Meat production grew considerably,
by 86% compared to 1900 (Table 2.12), which explains why apparent consumption
could increase from 14.1 kg per capita per year in 1900 to 21.1 kg in 1933, that is an
increase of 50% (González de Molina et al. 2014, 167). This level of consumption
would not be reached until the 1960s (González de Molina et al. 2017, 2348). Pork
and beef grew the most, by 157 and 86%, respectively (Table 2.12). Egg production
also grew (55.6%) as well as milk production (42.1%). Within milk production, cow
milk grew the most, by 70% (Table 2.12). During those years, milk breeds were
introduced from Switzerland and Holland.6 Farms specializing in these types of live-
stock emerged in or around main cities. Other livestock productions remained stable
or grew slightly, for example in the case of wool or honey production.
As mentioned in the previous section, the Civil War had a major impact on live-
stock activity, in line with falls in production and agricultural productivity. Biophysi-
cal production data obtained from official post-war statistics show reductions in food
available for livestock, due, above all, to the drop in grains and residues from culti-
Table 2.12 Livestock production in tons of dry matter, 1900–1950
1900 1910 1922 1933 1940 1950
Beef 53.838 66.740 99.928 105.626 41.514 52.763
Lamb meat 44.487 49.257 50.942 52.892 26.429 39.289
Goat meat 9.468 11.238 11.956 14.121 5.228 6857
Pig meat 40.641 51.889 83.351 104.444 73.397 82.522
Horse meat 0 0 0 0 0 1.632
Poultry meat 4.115 4.813 5.545 6.403 6.255 4.673
Rabbit meat 491 574 661 764 3.342 4.453
Total meats 153.040 184.509 252.383 284.249 192.190 313.347
Eggs 12.728 14.886 17.150 19.805 19.347 31.435
Wool 21.933 24.285 22.190 25.442 32.605 24.762
Cow milk 104.417 127.514 134.290 177.739 226.804 259.956
Sheep milk 17.147 18.986 29.013 8.672 13.748 13.610
Goat milk 36.577 43.411 33.129 38.223 38.749 33.155
Honey 4.908 4.908 4.908 4.908 5.149 5.391
Source Agrarian statistics and author’s compilation
6Ministerio de Fomento (1892, 1920).
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vated areas. This led to more intense use of pastures than in the 1930s (Graph 2.12)
and is consistent with the drop in total livestock production (12%) and especially
meat (−45%) reflected in the statistics (Table 2.12) compared to 1933. A decline in
agricultural production between 1940 and 1950 compared to 1936 and the impos-
sibility to sustain raw material imports to manufacture chemical fertilizers made it
unfeasible to maintain the livestock feeding model of the first third of the twentieth
century as described above. Based on the data in Graph 2.12, maintaining the size
of livestock as indicated in the 1940 and 1950 censuses implied a much better use of
pastures than during the first third of the twentieth century.
The third and last period coincides with the industrialization of Spanish agricul-
ture and livestock. As we will see in Chap. 6, this process was linked to big increases
in demand form eat and milk (Domínguez 2001a) and to the rapid adoption of con-
sumption patterns moving ever further away from the Mediterranean diet (González
deMolina et al. 2013, 2017). The Franco regime also directly encouraged themodel’s
adoption via its agricultural policies, which fostered intensive or industrial livestock
and the production of cereals to manufacture feed, at the expense of cereals intended
for human consumption (Clar 2005). Both livestock slaughtering (Graph 2.13) and
milk production (Graph 2.14) grew considerably between the mid-1960s and the
mid-1980s (Table 2.13).
Graph 2.13 Slaughtered
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Table 2.13 Livestock production in tons of dry matter, 1960–2008
1960 1970 1980 1990 2000 2008
Bovine meat 81.744 148.877 212.630 256.673 341.350 330.754
Sheep meat 58.492 74.284 77.361 128.693 132.289 97.780
Goat meat 5.844 6.401 5.731 8.819 7.890 5.203
Pig meat 135.268 256.874 547.244 1.013.979 1.611.507 1.888.429
Horse meat 6.298 5.458 3.853 2.325 2.475 2.216
Poultry meat 20.962 207.108 365.622 388.947 545.374 604.380
Rabbit meat 4.739 11.306 45.616 35.895 45.984 30.600
Total meat 313.347 710.308 1.258.058 1.835.332 2.686.869 2.959.362
Eggs 46.535 97.860 134.455 131.665 133.341 154.882
Wool 25.575 21.660 18.093 23.981 26.104 23.191
Cow milk 316.742 523.777 707.568 718.461 755.555 751.934
Sheep’s milk 30.860 30.326 25.377 35.685 45.711 56.314
Goat’s milk 36.208 33.155 33.291 43.694 50.486 56.372
Honey 6.295 6.816 9.883 18.255 25.071 25.081
Source Agrarian statistics and author’s compilation
After this date, milk production stabilized because of Spain’s entry into the Euro-
pean Economic Community and the establishment of the quota system.Meat produc-
tion continued to grow, however, until the beginning of the century (Table 2.13). This
growth is clearly correlated with the evolution of livestock herds (Graph 2.11). As
we saw, sheep and goats lost relative weight in overall livestock. Although livestock
grew by 75% between 1965 and 2008, poultry (354%) and pigs (452%) grew the
most because of rising domestic demand for low-priced meat (González de Molina
et al. 2017) and even for export. The industrial model undeniably permitted market-
oriented livestock production to grow to an extent that would have been unthinkable
in traditional organic agriculture. However, this growth came at the expense of a
quasi-complete rupture of ties between livestock and the land, as well as an almost
entire loss of traditional multifunctionality.
2.8 An Overview of Spanish Agriculture Industrialization
Changes caused by the industrialization of agriculture profoundly affected both the
entity and the final use of biomass produced by agroecosystems. These changes
were due to ongoing efforts to increase the size of commercially oriented biomass
production tomeet the growing demand for rawmaterial, aswell as human and animal
food. Any increase in biomass production comes with its corresponding increase in
land costs. Compensation was thus sought through changes in labor and technology.
Agricultural production grew essentially in two different ways: on the one hand, the
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total amount of biomass per hectare increased and, on the other, an increasing share
was appropriated. We can synthesize these changes taking into account the scale of
the process, as described below.
At an aggregate scale, the changes consisted of the increase of NPPact, which was
more notable in croplands and lower in woodlands. This increase was at any rate far
lower than the extent of growth based on a conventional analysis, measured in mon-
etary terms or fresh matter, primary crops and some residues. Within NPP, croplands
(47%) and woodlands (42%) grew as well as pastures, though to a much lesser extent
(7%). Second, patterns of use of NPPact changed. The growth of wooded areas and
the loss of use of forest firewood, as well as the growth of woody crops, increased
the accumulated biomass. On the other hand, Domestic Extraction increased moder-
ately and unharvested biomass somewhat decreased, especially in croplands. Finally,
reused biomass grew by 48%, i.e., more than total NPP, reflecting Spanish agroe-
cosystems ever-greater orientation towards livestock. In turn, the increasing size of
appropriated biomass was sustained because of extraction efforts, that took place
more in croplands than in pastures and woodlands, despite the fact that woodland
areas almost tripled since 1900. Croplands grew steadily until the 1970s and then
regularly declined until 2008. Cultivated land surface areas rose by merely 5% when
comparing surface areas in 2008 with those of 1900. Consequently, productivity per
hectare of this type of land increased by almost 50%. Production pressure on Spanish
agroecosystems thus centered on this type of land.
In terms of Domestic Extraction in croplands, production efforts centered in turn
on primary crops, instead of “residues”. Among all extracted biomass components,
biomass from primary crops grew the most, more than tripling. In turn, the bulk of
extracted biomass concentrated on crops of greater commercial value, resulting from
production specialization and Spanish agriculture relations with markets. Added to
this, agricultural production since the 1960s, and more intensely since the 1990s,
centered ever more on stockfeed production, sustaining livestock specialization that,
as we have seen, the Spanish agricultural sector has been experiencing in recent
decades.
In summary, Spanish agriculture over the last century evolved towards increasing
production commodification and significant changes in the patterns of biomass use.
Both production and technological efforts have been directed towardsmaximizing the
share of biomass of highest commercial value, entailing, as we will see, the reduction
of crop multifunctionality. In other words, agricultural production growth has been
much greater than the growth of agroecosystems’ NPP. The process went through
three distinct phases: the first period lasted until the 1960s and was characterized
by the growth of agricultural production; over a second phase, livestock played
a major role, and agricultural production was subjected to stockfeed; in the third
and final phase, livestock production continued to increase, not only at the expense
of agriculture, that stabilized production since the beginning of this century (as
confirmed by the provisional data presented for 2015), but also at the expense of
international trade, that is, of other countries, as commented earlier.
At landscape or at agroecosystem scale as a whole, Spanish agriculture’s industri-
alization led to increasingly segregated land uses, and the loss of productive synergies
based on agrosilvopastoral integration. This resulted from certain land use types tak-
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ing over others and the rupture of the previous ecosystemic equilibrium, in turn
reflecting growing specialization trends. As we have seen, production efforts con-
centrated on cultivated lands, thus perpetuating the process of “agricolization” or
the encouragement of agricultural use that had already been taking place since the
nineteenth century. Livestock growthmainly relied on intensive landless farms, with-
out any food ties to the land. In this way, close ties within agroecosystems between
agricultural and livestock activities, not only in terms of food but also in terms of
replenishing animal fertility and traction, were broken up into two almost distinct
activities. The introduction of synthetic chemical fertilizers and mechanization ren-
dered use segregation viable. The same phenomenon affected forest lands, dedicated
to forestry or conservation policies, that often excluded or restricted other possible
uses. In short, the trend towards production specialization and intensification has
been a growing requirement of Spanish agriculture’s growth model that has tended
to impose specialized land uses on the territory based on market demands, soil atti-
tude, or the endowment of natural resources especially water. The result is loss of
geodiversity and spatial heterogeneity. Flows of energy and materials, once more
local and contained, have ended up being globalized and of fossil origin.
At a farm scale, productive specialization entailed the following consequences: a
strong tendency to suppress crop associations and polycultures; the simplification of
rotations and their later suppression; the quasi elimination of fallows or their substan-
tial reduction; and the fostering of crop alternatives governed by market demands.
Agriculture shifted from crop and plant heterogeneity and their layout adjustments
to monocultures, entailing significant reductions of genetic, structural and functional
diversity (Gliessman 1998). If at the agroecosystem scale this phenomenon progres-
sively reduced the capacity of agroecosystems of autonomous replacement fertility,
at a farm level, the relative demand for fertilizers significantly increased. The spread
of chemical fertilizers made this fundamental change possible. It sparked, in turn, the
desire to suppress fallow and legume sowing. Cultivation of legumes was reduced
to less than half since 1900. At that time, it represented 1.76% of total agricultural
production in fresh matter and was a habitual part of wheat and barley crop rota-
tions. In 2008, it represented only 0.25% and had disappeared from many cereal
productions. As we will see in Chap. 5, this led to a reduction in the flow of nitrogen
from symbiotic fixation and the ability of agroecosystems to replace soil fertility by
themselves.
At the crop level, very important transformations affected both plants’ morpholo-
gies and their uses. This evolution also applies to different livestock species. At the
beginning of the century, when agriculture and livestock were still organic, cultivated
plants and livestock species each served different purposes. Livestock provided meat
and milk, but also carried out agricultural tasks or transported goods. In a previous
study, we referred to Cantabrian Cornice cattle, of “mixed aptitude”, i.e., both for
agricultural and livestock use (Fernández Prieto 1992). High cereal stalkswere aimed
at producing large amounts of straw, the basis of horse stockfeed. Precisely because
of progress in crops, a type of livestock was developed that could feed on croplands
without competing with human food.
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The aim of farmers was to maximize the harvestable parts of plants, especially
those with highest commercial value; in turn, the aim of ranchers was to select the
species and breeds generating the largest quantity of meat and milk yields. Thus, in
the case of phytomass, seeds were selected and improved to concentrate photosyn-
thetic capacity in the marketable part of cultivated plants, for example, by modifying
cereals’ morphology to concentrate more biomass in grains and less in straw. The
process was applied to most arable crops and led to the considerable growth in grain
yields per hectare. The “Green Revolution” was largely based on the genetic change
that produced crop types with a lower “waste” weight. The phenomenon is visi-
ble in the changing relationships between grain and straw in cereals and legumes
(Graph 2.15). Traditional cereal and legume varieties had high straw stems, there-
fore less grains, and were an essential part of animal feed. With the industrialization
of agriculture, these were replaced with varieties that produced more grains and less
straw (Graph 2.15).
In the case of woody plants, breeding and changes to management practices con-
sisted of translocating stem and leaf biomass to the harvestable fruit. Multifunctional
usage has been superseded by a preference for the commercial use of fruits. The case
of olive-growing is paradigmatic: from producing firewood, foliage and olive kernel
oil for livestock, table olives, domestic lighting, and edible oil, olive groves now
almost exclusively produce oil, leading to changes in grove management and tree
morphology (Graph 2.16) (Infante-Amate 2014; Infante-Amate and González de
Molina 2013).
All these changes explain the remarkable increase of some crop yields (620% in
the case of corn between 1900 and 2008 or 332% in the case of wheat), a much higher
growth than that of NPP per hectare in cultivated areas (50%) or Domestic Extrac-
tion per cultivated ha (102%). In other words, the land’s biophysical productivity has
grown at a much lower rate than grain or fruit yields per hectare. The reason is the
concentration of biomass in grain or harvestable fruit and, therefore, the reduction
of harvest residues. Another factor is the reduction of grass (e.g. weeds) that accom-
Graph 2.15 Evolution of
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Graph 2.16 Changes in the multiple use of olive trees. Source Infante-Amate (2014)
panies crops based on mechanical or chemical means. Moreover, the introduction of
improved and hybrid seeds, in the quest for maximum grain yields or the selection
of woody plants varieties with high yields have led to a substantial loss of genetic
diversity. This process has favored a more frequent and intensive use of fertilizers.
The result has been the abandoning of seed varieties that were better adapted to soil
and climate conditions and that, as far as we know, demanded less nutrients (Carranza
et al. 2018).
In the case of livestock, a radical transformation has taken place. As livestock and
production grew, extensive stock farming became less important and resorted more
often to off-farm feeding. The bulk of livestock has lost its land ties and is stabled
in intensive farms. Feed from abroad is often used, and breeds specialized in the
production of meat or milk are imported from other countries. Labor livestock has
almost completely disappeared and thanks to cheaper feed, monogastric livestock
now have an unprecedented role. Ever bigger quantities of straw have been either
burned or left on the farm. What remains of extensive stock farming is today the
refuge of the traditional livestock breeds.
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Chapter 3
Agricultural Inputs and Their Energy
Costs 1900–2010
The socio-metabolic transition to industrial society led to displacing agriculture as
the main source of energy and materials and generalizing the use of fossil fuels and
minerals (Krausmann and Haberl 2002; Fischer-Kowalski and Haberl 2007; Kraus-
mann et al. 2008; Kuskova et al. 2008; Infante-Amate et al. 2015). This transition also
affected the agricultural sector itself, which underwent big quantitative and qualita-
tive changes in its technical means of production. These technological changes are
usually associated with corresponding increases in agricultural production (increase
in land productivity) and in the reduction of human labor (increase labor productiv-
ity) (Boserup 1981; Giampietro et al. 1999; Fischer-Kowalski et al. 2014). As we
have seen in Chap. 2, Spanish agroecosystems experienced significant intensifica-
tion and productive specialization. Given that land uses were segregated, that many
connections between them broke down, and technological innovation orientations
(Fernández Prieto 2001), agroecosystems increasingly needed inputs imported from
outside the agricultural sector. Organic inputs produced in the farms themselves and
in the local environment, such as manure and animal traction, were replaced by large
quantities of inorganic inputs powered and manufactured with fossil fuels, including
synthetic fertilizers and pesticides, machinery, fuel and electricity (Guzmán Casado
and González de Molina 2009).
In this chapter, we quantify the inputs used in Spanish agriculture since the begin-
ning of the twentieth century. The aim is to examine the evolution of the social fund
element, i.e., the technical means of production (TMP), during the industrialization
process. TMP eventually not only had a decisive role inmaintaining productive activ-
ity but productive activity ended up being dependent on it. The objective is not that
of examining technical changes in agriculture, which goes beyond the scope of this
research, but to evaluate the magnitude of the changes and their consequences for the
functioning of Agrarian metabolism (AM). Although we have been expressing flows
in tons of materials, in this chapter, we chose to express them in units of energy to
give a fuller account of the developments. In Chap. 6, where we analyze the structure
and functioning of agrarian metabolism by relating both the funds and the flows from
which they originate, we will express inputs in tons to maintain metric consistency.
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3.1 Comments on Methodology
According to ourmethodological proposal, inputs fromoutside the agricultural sector
constitute the Imports (I) in theMEFAmethodology. These Imports added toDomes-
tic Extraction (DE) determine domestic consumption (DC) after deduction of Exports
(E). Although we considered both, human work and animal traction, to calculate the
EROIs, they are not taken into account here because they can be defined as flows that
circulate within the agroecosystem and do not, therefore, come from outside. We
thus developed a time series on the use of external inputs from 1900 to 2008. Their
type and quantity were obtained mainly from agricultural statistics supplemented
with technical reports as well as research studies and were based on the assumption
that growth rates were constant during the years for which we lacked data. Yearbook
data included fertilizers since 1933, tractors and other agricultural machines since
1955, fuels since 1960, pesticides since 1933 and greenhouses and tunnels from
1975 onwards. Pesticide data from 1950 to 1980 were expressed in monetary terms,
and we converted them into weights using deflation data from Carreras and Tafunell
(2005). Fertilizers in 1900–1922 were estimated from the data compiled by Gallego
Martinez (1986) and Mateu Tortosa (2013). Fuel consumption data for 1950 and
1990–2008 were retrieved from Spanish statistics (MI 1961a, b; MINETUR 2015)
and from FAOSTAT (FAO 2016) for the years 1970–1980. Fuel consumption from
1900 to 1940 was estimated based on the machinery’s installed capacity. Electricity
consumption data for 1950 were obtained from the INE (1960), from Carpintero
and Naredo (2006) for 1960, from FAOSTAT (FAO 2016) for 1970–1980 and from
MINETUR (2015) for 1990 onwards. The consumption of electricity before 1950
was estimated assuming that agricultural electricity represented the same proportion
of total electricity consumption in Spain as in 1950. Corominas data (2010) was
used to take into account upstream electricity consumption in the irrigation. The
surface areas represented by each type of irrigation were taken from MAGRAMA
(2015a). The official machinery data in the first half of the twentieth century was
complemented by data from Martinez-Ruiz (2000). We considered that 97% of the
greenhouses belonged to the “‘Almería vineyard’ ‘type and 3% were of the’ ‘Glass
greenhouse’” type (MAGRAMA 2008).
The data are presented at selected decadal intervals, that is, 1900, 1910, 1922,
1933, 1940, 1950, 1960, 1970, 1980, 1990, 2000, and 2008, as we did for biomass
production. Where possible, the decennial values were defined based on 5-year aver-
ages. The series combines raw data taken directly from historical sources, estimates
made by other researchers and our own estimates. Since official statistics are pub-
lished annually, we show long-term trends for some years as we believe they are of
interest. We divided the inputs into industrial (chemical fertilizers, machinery, etc.)
and non-industrial (biomass) inputs. The energy we calculated for industrial inputs
is embodied energy, that is, the sum of gross energy of the input plus the energy
needed for its production and distribution. The embodied energy of industrial inputs
evolved over time, following varying trends in production energy efficiency and the
delivery of inputs. We developed a working document that describes the embod-
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ied energy (and its components) in agricultural inputs over the 1900–2010 period,
together with theoretical and methodological considerations (Aguilera et al. 2015).
Given that the data in this working document are provided in a 10-year format and
do not always correspond to data for Spain, missing data were estimated by linear
interpolation. To estimate the machinery’s embodied energy, we took into account
the installed power (MW) of the machinery, the years of manufacture of the “mix” of
machinery and the actual replacement rate in the year studied (estimated according
to records and annual census). Estimated embodied energy in the electricity was
based on the Spanish electric mix and thermal power plant efficiency (Bartolomé-
Rodríguez 2007; UNESA 2005; MINETUR 2016; REE 2012), supplemented with
data on the embodied energy of fuels, taken from Aguilera et al. (2015). In terms of
non-industrial inputs, the energy contained in the net imported biomass (seeds and
feeds) was the gross energy of the different products, calculated using conversion
factors included in Guzmán et al. (2014). The energy cost of transport taken from
Aguilera et al. was added to it (2015). The energy required to produce the biomass
was not taken into consideration, to avoid double accounting problems, since this
cost must be attributed to the agroecosystems of origin.
The embodied energy metric would be equivalent to the concept of “cumulative
energy demand” used in life cycle assessments as well as to the concept of “en-
ergy intensity” used in some energy studies. All embodied energy components are
expressed in terms of gross energy. Energy requirements refer to the energy used
in the production of a given input. They are divided into direct and indirect energy
requirements. The direct energy requirements refer to the gross energy of the fuels
used directly in the production process. Indirect energy requirements include all the
remaining processes necessary for input production and its use on the farm, includ-
ing the production and transport of fuel, production, and transport of raw materials,
energy integrated into buildings and equipment and transportation of finished prod-
ucts to the farm. Worthy of note, only physical processes were included. For the
analysis of the agricultural systems’ energy inputs, we considered it more appropri-
ate to use gross energy (GE), rather than net energy, since the former reflects total
energy contained in the input. In addition, agricultural energy products were almost
always expressed in gross energy values, as in our review of the energy content of
biomass products and residues (Guzmán et al. 2014). Therefore, we also used GE
values in our analysis of the embodied energy of agricultural inputs. On the other
hand, we did not apply any quality correction factor to the calorific value of the
different fuels.
Changes in energy efficiency in the manufacturing and operation of inputs were
taken into account, especially industrial ones. To our knowledge, however, these
changes in efficiency have barely been considered in historical analyses of agrarian
systems. Only studies based on monetary data systematically take these changes into
account (e.g., Cleveland 1995; Cao et al. 2010). The studies by Pelletier et al. (2014)
on egg production in the USA and Pellegrini and Fernandez (2018) on global energy
use in agriculture are two of the few examples of studies accounting for temporary
changes in the energy efficiency of agricultural inputs from a life cycle analysis
perspective.
72 3 Agricultural Inputs and Their Energy Costs 1900–2010
The general trend has conisted in significant technological improvements in
energy efficiency in the production of most agricultural inputs, such as nitrogen and
phosphate fertilizers, steel for the production of machinery, etc. (Smil 1999, 2013;
Jenssen and Kongshaug 2003; Ramirez and Worrell 2006; Dahmus 2014). Over
some periods, such as during the 1980s energy crisis, this trend intensified due to the
increase in energy prices and concerns about the security of energy supplies (Bhat
et al. 1994). However, some agricultural inputs, which in the beginning required little
energy due to the ease of extraction, have ended up demanding higher consumption
levels for their extraction and refining (Meadows et al. 1972; Gutowski et al. 2013).
Despite technological improvements, the energy efficiency of raw material produc-
tion may have decreased. This is the case, for example, of oil and gas production in
the USA (Hall et al. 2009, 2014), and generally worldwide (Gagnon et al. 2009; Hall
et al. 2014), where energy return on investment (EROI) is already decreasing. An
exhaustive historical compilation of embodied energy coefficients has been carried
out for the main agricultural inputs (Aguilera et al. 2015). The calculations described
in this chapter are based on this latter compilation.
3.2 Mechanical Traction
In our categorization, traction includes the energy used to perform mechanical work
contained in agricultural tasks, excluding the pumping ofwater for irrigation, and also
exluding thework performed by draft animals, which is based on internal energy from
the agroecosystem. Therefore, it includes the work accomplished by self-propelled
machines in the field, such as tillage, sowing or harvesting, but also the tasks that
were performed outside the farm, such as threshing. Quantifying the total energy and
environmental impacts of mechanical traction requires determining the amount of
fuels used for direct and indirect energy consumption as well as the embodied energy
of manufacturing and machinery maintenance. Additional data on animal traction
and greenhouse gas emissions from animal and mechanical traction is provided in
Aguilera et al. (2019a).
3.2.1 Machinery
In this section, we reconstruct the time series of the most important parameters to
estimate energy and environmental impacts associated to farmmachinery production
and maintenance in Spain. In our case, this means reconstructing, for each type of
farmmachine, the annual census, the number of annual registrations in the census and
removals from it, the average useful life, and the weight of new, removed and average
machines of the census. The machine types studied are locomobiles, threshers, trac-
tors, harvesters, other motors (static), tillage machinery and other farm implements.
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The number of motorized farm machines is reported yearly by official statistics
since 1970 (MA 1973; MAPA 1997; MAGRAMA 2012), and each 5 years since
1955 (MA 1973), although Martinez-Ruiz (2000) provides an annual series since
1955. We also have machine numbers in 1932 (MAIC 1932) and 1947 (Martinez-
Ruiz 2000). Martinez-Ruiz (2000) provides threshers and locomotive numbers in
1900. We assumed that the first tractors were registered in 1902 and the first self-
powered harvesters and 1-axis tractors (rototillers) in 1940. We estimated values in
the missing years assuming constant growth rates between the two closest years with
available data.We also assumed that there was no growth during the CivilWar period
(1936–1939).
The number of machine registrations each year is provided since 1970 (MAPA
1997; MAGRAMA 2012). There is no available information regarding yearly
removals of farm machinery from the census. Therefore, we estimated this value
as the census of a given year minus the sum of registrations of that year plus the cen-
sus of the previous year. We estimated registrations and removals in years previous
to 1970 assuming the same removal rate, with respect to the census, as the average
of the first 20 years with available data (1970–1989).
In some specific years, the census and the yearly registration values do not match,
i.e., when the change in the census between 2 years is higher than reported registra-
tions in that year. This means that registrations are too low even assuming that there
were no removals in that year. In those cases, we have assumed that there were no
removals, and the number of registrations was equaled to the difference between the
census of the previous and the current year. Moreover, in 1980 there was an unusual
peak in the census, followed by the continuation of a fairly stable trend.We corrected
the census value in that year assuming that it followed a constant growth rate.
There is no information on the total number of harvesters registered each year,
only on the number of cereal harvesters. Likewise, the number of total harvesters is
reported in 1990 for the first time. We used the ratios of total harvesters to cereal
harvesters from the census, in those years where data is available, to estimate the total
number of harvesters registered (in the whole series) and censed (in years previous
to 1990). Total harvesters represented 105% of cereal harvesters in 1990 and 115%
in 2011. The ratio of 1990 was used for the pre-1990 series.
The census of “other engines” (excluding irrigation) is only available for a few
years along the whole studied period: 1932 (MAIC 1932), 1962 (INE 1963), 1973
(MA1973), 1980, 1985 and 1988–1993 (MAPA 1997).We assumed constant growth
rates in the missing years. In 1900, we assumed the same number of other engines
as threshers, in line with the proportion between these two types of machines in the
1932 census.
The number of threshers is provided in 1900, 1947, 1955–1975 (Martinez-Ruiz
2000), 1932 (MAIC 1932) and 1976–1981, 1983 and 1986 (INE 1997).We estimated
the missing years assuming constant growth rates.
There is high uncertainty in the evolution in the number of machines during the
first half of the twentieth century (Graph 3.1a). However, we can observe a substantial
growth between 1900 and 1932. From 308 locomobiles, 300 threshers and 300 “other
engines” at the beginning of the century, to 538 locomobiles, 5062 threshers, 5312




















































































Graph 3.1 Historical evolution of the number of motorized machines in Spanish agriculture,
1900–1960 (a) and 1900–2008 (b), in thousands of units
“Other engines” and 4084 tractors in 1932. Despite the impact of the Civil War and
the post-war period, by 1947 the number of tractors had doubled, and in 1955 there
were 27,671 units. Thus, the data shows that locomobiles never grew too high above
the levels of the nineteenth century, while most of the growth in fam machinery until
almost 1930 was dominated by threshers and “other engines”, followed by tractors,
which became dominant in the 1950s. The number of tractors and harvesters kept
growing until the end of the period in 2010, up to 1,049,950 and 60,263, respectively
(Graph 3.1b). As we will see later, this is not due to ever-increasing mechanization
of Spanish agriculture but to the lack of removals from the census.
The number of registrations peaked in the late 1970s in the case of tractors and
rototillers (Graph 3.2a and b, respectively), and in the late 1960s in the case of
harvesters (Graph 3.2c). However, removals from the census never matched registra-
tions, implying the continuation of the growth in census numbers (Graph 3.2c) even
decades after the peak in annual registrations. This implies that the average age of
registered farm machinery was also growing.









































































































































Graph 3.2 Historical evolution of the annual number of registrations and removals of tractors (a),
rototillers (b) and harvesters (c) from the agricultural census, 1900–2008, in thousands of units per
year (three-year moving average)
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We estimated the average life expectancy of machinery assuming that the
machines removed in a given year were the oldest ones in the census (Graph 3.1).
In the period previous to 1970, when there were no registrations data, and thus the
uncertainty of removals was very high, we assumed a constant life expectancy equal
to the average of the first 20 years with available data (1970–1989). In the case of
threshers, locomotives and other engines we do not have registrations and removals
data during the whole studied period. In those cases, we assumed a constant life
expectancy of 20 years.
Graph 3.3 shows a large increase in the estimated life expectancy of farmmachin-
ery in Spanish agriculture in the period (1970–2010). Some reports support this
assumption showing that 31% of harvesters were more than 15 years old in 1990
(Pérez-Minguijón 1992), 55% of the tractors were more than 15 years old in 2006
(ANSEMAT 2006), and 47% of them were more than 20 years old in the same year
(MAPA 2007). The age of the machines is typically inversely related to their yearly
use time. Thus, harvesters less than 5 years oldwere used 38days per year,while those
older than 15 years were used 22 days per year on average in Spain in 1990 (Pérez-
Minguijón 1992). Thus, the increase in apparent life expectancy does not necessarily
mean that the machines are used for an increasingly longer period. Instead, the most
probable cause is that old tractors with very little use or even not used anymore are
not removed from the census (Pérez-Minguijón 1992, 1999). This possibility is sup-
ported by the fact that diesel fuel consumption has not grown significantly since the
mid-1970s (Sect. 3.2.2), despite installed tractor power has quadrupled in the same
period and specific fuel consumption of new tractors has only decreased by 33% in
that period (Aguilera et al. 2015). Moreover, specific reports which have studied the
real use of farm machines further support this argument. For example, a study by
MAPA (2007) found that 14.5% of registered tractors were not being used. Thus, the
overestimation of the census data implies an underestimation of removals and thus an







































Graph 3.3 Historical evolution of the life expectancy of tractors, rototillers, and harvesters,
1970–2010, in years









































Graph 3.4 Historical evolution of the average rated power per machinery unit, 1900–2010, in
HP/unit
3.2.2 Fuels
Direct energy consumed in traction includes all agriculture fuels reported by official
agricultural statistics except those employed in irrigation and in modern livestock
production (particularly for heating). We have estimated fuel energy employed in
irrigation in Sect. 3.3. Regarding fuel consumption in livestock production, we have
assumed that all non-liquid fuels, except coal during the first half of the twentieth
century (which was used by threshers and locomobiles), were used in this activity.
In the first part of this section, we show our reconstruction of total fuel consumption
in Spanish agriculture. Then, we segregate traction, irrigation, and livestock fuel
consumption.
The first official published data on fuel consumption in Spanish agriculture refers
to 1950 and 1951 (MI 1961a, b). In 1978, the Anuario de Estadística Agraria report
(MA 1978) included an annual series of fuel consumption in Spanish agriculture
starting in 1958. Another series, also by MA, includes gasoline, diesel, and oil fuel
consumption from 1960 to 1977 (MA 1966, 1970, 1975a, b, 1976, 1977). FAOSTAT
also reports agricultural fuel consumption data in Spain, starting in 1970 (FAO2016).
The last official series is released by the Spanish Ministry of Industry and starts
in 1990 (MINETUR 2015). On the other hand, scholars studying energy balances
have also compiled historical sources to estimate fuel consumption in Spain. The
first of these works, by Naredo and Campos (1980), reports fuel consumption data,
distinguishing diesel fuel and other fuels, in 1950, 1951, 1977, and 1978. A more
recent work (Carpintero and Naredo 2006) reports total fuel consumption from 1960
to 2000, based on OECD energy balances. The latter reference is also the source of
FAOSTAT data.
The studies mentioned above employ different units for reporting fuel consump-
tion, including kcal, toe (Mg oil equivalent), tce (Mg coal equivalents), liters, and
joules. Moreover, some of them express the data as net energy and other as gross
energy. We have attempted to harmonize the data expressing all of them as TJ gross





















































































































Graph 3.5 Historical evolution of the rated power of the average machines, registered machines
and removed machines, including tractors (a), rototillers (b), harvesters, (c) and other engines (d),
in HP/unit (three-year moving average)







































































































































Graph 3.6 Historical evolution of the installed traction power in Spanish agriculture, 1900–2010.
Total installed power, in GW (a) and gross annual registrations, in MW/year (b)
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Table 3.1 Energy conversion units of fossil fuels
Density Litres/ton GCV NCV GCV NCV
kg/m3 GJ/t GJ/t GJ/litro GJ/litro
Kerosene 802.6 1246 46.2 43.9 37.1 35.3
Motor gasoline 740.7 1350.1 47.1 44.8 34.9 33.1
Gas /dieseloil 843.9 1185 45.7 43.4 38.5 36.6
Naphta 690.6 1448 47.7 45.3 33 31.3
LPG 522.2 1915 50.1 46.2 26.2 24.1
Natural Gas 799.6 1250.6 50.4 45.4 40 36.3
Source IEA (2015)
energy. Energy conversion units employed are shown in Table 3.1. The results of the
comparison are shown in Graph 3.7.
In Graph 3.7 we can observe varying levels of coincidence in reported fuel con-
sumption in Spanish agriculture between the compared sources. Some of the differ-
ences might be explained by differences in energy conversion coefficients (between


































































Graph 3.7 Historical evolution of fuel consumption in Spanish agriculture according to different
sources, 1950–201, in petajoules
3.2 Mechanical Traction 81
are often not fixed, implying that there are other factors responsible for the observed
differences. We constructed an own series (dotted line in Graph 3.7) prioritizing the
national official sources, followed by international official sources. We completed
the series in some periods with data of missing fuel types from secondary sources
(research articles and monographs). We have tried to include the least number of
conversions between energy units and types, and we have discarded the data not
coherent with the other series. In particular, FAOSTAT (FAO 2016) data from 1970
to 1989 has been complemented with data from Spanish reports. Our series starts
with 1951 and 1952 data from Naredo and Campos. Then, we assume a constant
growth rate in fuel consumption until 1958, when data fromMA (1978) starts. From
1970 to 1974 we take diesel and LPG data from FAOSTAT, but gasoline and other
liquids data fromMA (1978). From1975 to 1979we take all data fromFAOSTAT, but
estimate other liquids consumption by interpolating MA (1978) value in 1969 with
FAOSTAT value in 1980. From 1980 to 1989, all values are from FAOSTAT. From
1990 to 2013, all values are from MINETUR (2015), the official Spanish statistics,
which is very similar to FAOSTAT for most fuel types, although there are significant
differences in some specific fuels types and periods, such as fuel oil from 1990 to















































Graph 3.8 Comparison of FAO (2016) andMINETUR (2015) data of fuel consumption in Spanish
agriculture, by type of fuel, 1990–2012 (FAO values expressed as % of MINETUR values)




















































Graph 3.9 Historical evolution of fuel consumption in Spanish agriculture, by fuel type,
1900–2008, in petajoules/year
MINETUR (2015), such as biomass and biogas, nor renewable thermal energy such
as solar thermal and geothermal. In Graph 3.9, we show the selected annual series
of fuel consumption from 1958 to 2012.
For constructing the full 1900–2008 decadal series, we had to estimate fuel con-
sumption in the pre-1950 period. To our knowledge, there is a lack of published
official statistics or estimations made by scholars on fuel consumption in Spanish
agriculture before 1950. In our estimation, we assume that fuel consumption is pro-
portional to the installed power of machinery, taking 1950–1951 data as a reference
for fuel consumption. We distinguished the relative proportions of the different types
of fuel based on qualitative information. For example, Naredo and Campos report
that in 1948 diesel engines still represented only 20.6% of total installed capacity of
agricultural machinery. According to Martinez-Ruiz (2000), 40% of the tractors still
had petrol engines in 1955, and themajority of them in previous periods.We assumed
that all new tractors from 1955 onwards used diesel fuel. This means that in 1960
gasoline would represent about 8% of fuel consumption in agriculture. This figure
somewhat contradicts the annual data reported by MA (1978), which indicates that
gasoline consumption from 1958 to 1961 was 0, while fuel oil represented 10–25%
and diesel fuel 75–90%. In fact, null or almost null gasoline consumption values
during the whole annual series from different sources in the 1958–2011 period also
contradict the fact that many types of common agricultural small machines (such
as chainsaws or weeding machines) employ gasoline. Therefore, we do not know
whether gasoline amount is included within other types of fuel, or it is just not
reported (the most probable).
This reveals two transitions in the major types of fuels used during the studied
period, from coal to gasoline, during mainly the 1920s, and from gasoline to diesel,
during the 1950s. It also shows the appearance in the last decades of gas products
employed for heating, which significantly contributed to the increase in total fuel
consumption in Spanish agriculture. The distinction between the different uses of











Graph 3.10 Historical evolution of fuel consumption in Spanish agriculture in selected time steps,
by activity type, 1900–2008, expressed as %. Own estimation (see text)
3.3 Irrigation
Irrigation inputs include infrastructure, on-farm energy use (energy consumption
by water pumps), off-farm energy use (energy consumed in desalination and diver-
sion channels) and indirect energy use (energy required for the production of fuels
and electricity). Additional information on irrigation inputs and their C footprint is
provided in Aguilera et al. (2019b).
In the last decades, starting with the “Tajo-Segura” water diversion in 1979 and
continuing with other diversions and desalination projects in the last two decades,
















Graph 3.11 Historical evolution of agricultural water use from unconventional sources,
1900–2008, in hm3/year. Source Corominas (2010) and own estimations (see text)
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Thus, all the increase in water availability for irrigation has implied higher energy
requirements and environmental costs, a trend which is enhanced by the increase in
the average depth of wells. There is a lack of data of average values of this factor
at the national level in Spain, but regional data of Comunidad Valenciana in East
Spain shows an increase from 23 to 87 meters between 1940 and 1970 (Calatayud
and Martínez-Carrión 2005).
3.3.1 Irrigation Systems
We have estimated the surface area of each type of irrigation, including surface,
sprinkle and trickle irrigation systems. The official statistics include an additional
category named “intermittent irrigation” (“riego eventual”), which includes surface
irrigation systems where water is only applied on certain occasions. This category
has been equaled to one-third of surface irrigation systems for the estimation of
the effectively irrigated surface area. Our estimation of the evolution of the surface
area of each type of irrigation at the beginning of the twentieth century was based
on two government reports (MAICOP 1904; MF 1918). We have used MAICOP
(1904) data for our 1900 time-step, MF (1918) data for our 1922-time step and the
average between the two of them for the 1910-time step.We have found no other data
distinguishing each type of irrigation until the 1962 Agrarian Census (INE 1963).
Thus, the values of the intermediate time steps (1933, 1940 and 1950) have been
linearly interpolated. Up to 1960-time step, the only two irrigation categories were
surface and intermittent surface irrigation. As we have data of total irrigation area
for all time steps, we estimated intermittent surface irrigation values as explained
above, while surface irrigation area values were calculated as the difference between
total irrigation and intermittent irrigation. Sprinkle irrigation data for the 1960–1990
period was obtained from Calatayud and Martínez-Carrión (2005). We assumed that
intermittent surface irrigation disappeared from 1970 onwards. Drip irrigation area
data at the national level starts with 1989 data from Calatayud and Martínez-Carrión
(2005). We used that value for our 1990-time step and assumed that drip irrigation
area in 1980 was 1/10 of the area in 1989, based on the approximate growth rate of
Murcia region from 1975 to 1992 (Calatayud and Martínez-Carrión 2005). Data for
2000-time step was taken from 2003 report by the Spanish Ministry of Agriculture
(MAPA 2003), based on a 2002 survey. Data for 2008-time step was taken from
2015 report by the Spanish Ministry of Agriculture (MAGRAMA 2015a), based the
average of 5 surveys performed from 2006 to 2010.
We can observe different stages in the evolution of irrigated area in Spain
(Graph 3.12). During the beginning of the twentieth century, only surface irriga-
tion systems existed. The majority of them, almost 0.89 million hectares (Mha),
had constant irrigation, while 0.33 Mha were irrigated only intermittently. Thus, our
corrected irrigated area series starts at just 1.00 Mha, and grows significantly until
1922 (1.24 million hectares). Then, the share of intermittent irrigation starts grow-















































Graph3.12 Historical evolution of irrigated area in Spain, 1900–2008, in hectares.Own estimation
(see text)
surface irrigation areas still grows until 1940. The Autarky period (1940–1950) was
associated to a reduction of both the gross and the corrected total irrigated area, the
latter reaching 1.12Mha. In 1950 starts a strong growth trend. The corrected irrigated
area doubles in just 2 decades, and reaches 3.18Mha in 1990. Growth continues until
the present, although the growth rate has slowed down in the last decades. The first
stage of the growth period was based on the expansion of constant surface irrigation
area, while sprinkler irrigation expanded from 1960 to 1990 and trickle irrigation
from 1980 onwards. In 1980, the surface irrigation area peaks at 2.30Mha, and in the
last time step it has dropped to half of this value (1.09 Mha), while trickle irrigation
area reaches 1.54 Mha. This trend has continued until 2014, when surface irrigation
dropped below 1 Mha and trickle irrigation covered 1.76 Mha.
3.3.2 Installed Mechanical Power
Data on the number of irrigation engines was gathered from different official pub-
lications, namely MF (1918) for 1916, MA (1933) for 1932, and MAPA (1980) for
1955–1980 (Graph 3.13). For the estimation of the number of irrigation engines in
our selected time steps (Graph 3.14), we assumed a constant growth rate between
1900 and 1933, based on the observed growth rate between 1916 and 1932. For the
period after 1980, in the case of combustion engines, we assumed the same growth
rate as in the 1970–1980 period, while the number of electric engines was based on
the evolution of electricity consumption in agriculture.
The number of installed engines (Graph 3.13) grew from about 1000 units in 1916
(JCA 1918) to 264,000 units in 1995 (MAPA 1997), reaching nearly 279,000 units in
2008.Most of the irrigationwater in the early twentieth century was directly supplied
by gravity from rivers, springs, and reservoirs through channels and acequias. Water


















































































Graph 3.14 Historical evolution of the average rated power of irrigation engines, 1900–2008, in
KW /unit. Own estimation (see text)
elevation was only required in about 8 and 9% of the irrigated surface in 1904 and
1918, respectively (MAICOP 1904; MF 1918, respectively). In 1916, pump engines
were used in about 31%of this surface requiringwater elevation,whilemanual pumps
(13,000 units)were used in 2%of this surface,water pumpingwindmills (3,000 units)
in 3%, and water wheels (48,000 units) in 64% (MF, 1918). The number of water
pumping windmills doubled up to 7000 units in 1932 (MAIC 1932), but there is
no data on the continuation of the trend. The number of waterwheels had grown to
73,000 units in 1932 (MAIC 1932), and to 85,000 in 1962 (INE 1963), and there is
no more data after that year.
There is information on the installed power of irrigation engines from 1955 to
1979 (MAPA 1980). The evolution of average engine power in the previous and later













































Graph 3.15 Historical evolution of the total installed power of irrigation engines, 1922–2008, in
GW. Own estimation (see text)
machinery (see Sect. 2) (Graph 3.14). The total installed power of irrigation engines
(Graph 3.15) was calculated by multiplying the number of engines by their average
rated power.
The rated power of irrigation engines shows significant growth, more than dou-
bling during the studied period (Graph 3.14). Most of the growth is observed during
the 1950–1980 period when official statistics are available. These numbers are sub-
stantially lower than those of the Comunidad Valenciana region of Spain in the
1940–1970 period, where the average power of irrigation pumps was 21 KW/unit in
1940 (Calatayud andMartínez-Carrión 2005). But, according to the same source, the
average power had grown up to 57 KW/unit in 1970, thus showing a similar growth
pattern as in Spain as a whole.
The installed power for irrigation grew from 14 to 2496 MW in the 1922–2008
period (Graph 3.15). Electric engines represented around half of the installed power
up to 1940, when heat engines started increasing their share up to nearly 90% in
1980. After that year trend reversed, and electric engines represented over 50% of
the installed power in 2008.
3.3.3 Fuels
Fuel consumption in irrigation (Graph 3.16) was estimated based on the num-
ber of irrigation combustion engines, assuming a fixed fuel consumption rate per
engine installed power of 7.0 GJ/KW, which is the consumption rate in 1995, the
only year with available data on fuel consumption in irrigation (Corominas 2010).
The distribution between coal and liquid fuelswas based on the relative share of steam
engines and internal combustion engines. In 1916 and 1932 the historical sources
(respectively, MF 1918; MA 1933) provide specific data of engine fuel types. We













































Graph 3.16 Historical evolution of direct fuel consumption in irrigation, 1900–2008, in petajoules.
Own estimation (see text)
took the 1916 value for 1910 and 1922, and the 1932 value for 1933 and 1940. We
assumed that the relative share of oil fuels in 1900 was half of that in 1916. Engines
using coke oven gas, which were relatively common in the early twentieth century,
have been included within the “oil” category. After 1950, we assumed steam engines
to be phased out.
Total fuel consumption increased from 0.5 TJ in 1900 up to a peak 8450 TJ in 1990
and slowly declined after that year, reaching 7993 TJ in 2008. Coal dominates fuel
consumption in the early twentieth century. Despite our estimation coal consumption
remains practically flat from 1922 to 1940, its relative share drops dramatically from
1922 to 1932, due to the sharp increase in internal combustion engines.
3.3.4 Electricity
We found various sources reporting agriculture electricity use in different periods.
The National Statistics Institute (INE) reports electricity consumption in agriculture
from1938 to1958 (INE1960),while another official study from the IndustryMinistry
(MI) provides a series from 1945 to 1959 (MI 1961a, b). The data in INE report is
expressed asMWh,while the data inMI report is expressed as tons of coal equivalents
(tce). If we express them as TJ, using the coefficient reported in MI document of
29.3 GJ/tce, we get much higher values fromMI than for INE (Graph 3.9). However,
the trends are identical from 1945 to 1955. On the other hand, INE data is similar
to 1950 data reported by Naredo and Campos (1980), but show a drop in electricity
consumption in 1956–1958 that is not supported by historical data, and which does
not fit well with the following data series starting in 1960 (Carpintero and Naredo
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2006). Thus, we made the exercise of recalculating MI values using a modified
GJ/tce coefficient, equaling its data with those of INE (1960) in 1945. The results are
shown in Graph 3.16.We can observe that the modifiedMI data series (MI-modified)
matcheswell all overlapping INE series except the period 1956–1958. It alsomatches
well Carpintero and Naredo (2006) series starting in 1960, which in turn matches
FAOSTAT data starting in 1970. Therefore, we used INE (1960) data from 1939 to
1945, the modified MI data series from 1945 to 1959, Carpintero and Naredo (2006)
data from 1960 to 1969, FAOSTAT (FAO 2016) data from 1970 to 1989, and IDAE
(2015) for 1990–2013.
Graph 3.17a shows the disparity between different published statistics of electric-
ity consumption in Spanish agriculture during the mid-twentieth century, which is










































































































































Graph 3.17 Historical evolution of on-farm electricity use in Spanish agriculture according to
various sources, 1939–1976 (a) y 1898–2014 (b), in petajoules/year
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annual electricity consumption from 1898 to 2013. The estimated direct electricity
consumption in agriculture grew 10-fold in two decades, from 7 TJ at the beginning
of the twentieth century to 70 TJ in 1922. By 1955, it had grown ten-fold again, at
656 TJ, and again in 1980, at 7646 TJ. It peaked in 2007 at 20,279 TJ and dropped
down to 13,924 in 2013, to grow again to 18.6 PJ in 2016.
We have also estimated off-farm (“upstream”) electricity consumption for agri-
culture in our selected time steps (Graph 3.18b and c). This electricity is used for
obtaining unconventional water sources, including desalination and water pumping
in channels and diversions. We multiplied the quantity of water coming from these
sources calculated in Sect. 3.1 by energy consumption coefficients from Coromi-
nas (2010), of 1.2, 3.7 and 0.25 KWh/m3 for diversions, desalination and reuse,
respectively. The results are shown in Graph 3.18a.
The electricity employed to obtain irrigation water from unconventional sources
(Graph 3.18a) rose from 1092 TJ after the construction of Tajo-Segura diversion in
1979, to 3716 TJ in 2008 when other diversions and many desalination plants were
operating. Irrigation electricity grew from 7 TJ in 1900 to 223 TJ in 1933, 473 TJ
in 1950 and 23,099 TJ in 2008. A large share of the growth in the last decades has
been due to the rise in off-farm electricity use.
Overall, direct energy consumption in irrigation in Spain grew from8TJ in 1900 to
31,091 TJ in 2008. Despite most energy consumption was electricity at the beginning
of the twentieth century, oil fuels consumption rapidly expanded since 1933, and
dominated the use of energy in irrigation during the middle decades of the century.
Fuel consumption, however, peaked in 1980, while electricity continued growing
until the end of the studied period, in line with the growth in electric engines numbers
and installed power. In addition, off-farm electricity consumption was also boosted
in the last decades, with the expansion of technologies such as desalination and
diversion channels.
3.4 Fertilizers
We have reconstructed the consumption of mineral fertilizers in Spain in terms of
nutrients on an annual basis, including synthetic fertilizers, saltpeter, and guano.
This estimation is based on historical data expressed in total fertilizers amount for
the period 1900–1940 and expressed as nutrients during the 1945–2010 period. The
first period up to 1940 is composedmainly by statistical data for all types of fertilizers
in some single years (namely 1907, 1908, 1919, 1920, 1928, 1930–1935, 1939 and
1940) and a continuous data series of the apparent consumption of total fertilizers
from 1898 to 1940 (excluding the 1936–1938 CivilWar period). In addition, we have
continuous series of ammonium sulphate and sodium nitrate consumption from 1900
to 1914. Our main data source is the work by Gallego (1986), who compiled and
systematized historical statistics of fertilizers consumption in Spain during the first
half of the twentieth century, including data fromAlonso de Illera for 1907 and 1908,







































































































Graph 3.18 Direct energy consumption for irrigation in Spanish agriculture including upstream
electricity consumption from unconventional water sources 1980–2008 (a), total electricity con-
sumption 1900–2008 (b) and total direct energy use 1900–2008 (c), in petajoules/year
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and from the Anuario de Estadística Agraria reports from 1928 to 1940. In addition,
he compiled the foreign trade fertilizer data from the nineteenth century up to the
Spanish CivilWar (1936). These statistics include information of different itemswith
various levels of aggregation, but the only item that could be studied separately during
the whole series is ammonium sulphate. In addition, Mateu (2013) reconstructed
sodium nitrate (saltpeter) imports (which can be equaled to apparent consumption)
from 1901 to 1914. Therefore, the missing gaps of individual types of fertilizers up to
1914 were estimated using total apparent consumption of fertilizers in the given year,
minus ammonium sulphate and sodium nitrate, multiplied by the average of the share
of each individual type of fertilizer in the closest years where data is available. For
example, superphosphate consumption in1912was estimated subtracting ammonium
sulphate and sodium nitrate consumption to total fertilizer apparent consumption
in 1912 and multiplying the result by the average of the percentage represented
by superphosphate in total fertilizer consumption minus ammonium sulphate and
sodium nitrate in 1907, 1908, 1919 and 1920. Potassium sulphate and potassium
chloride consumption values in 1920 were much higher than the values of close
years, so we considered them outliers and assumed that production was the same as
in 1919.
Data for the 1941–1944 period was estimated by exponential interpolation using
1940 and 1945 data. Data from 1945 onwards were taken directly from the selected
Spanish government official statistics (Anuario deEstadísticaAgraria reports,MAIC
1928, 1930, 1931; MA 1933, 1934, 1935, 1939, 1940, 1973; MAPA 1990, 1999;
MARM 2010; MAGRAMA 2013a, b, c). We only altered this official series in
1957–1964, whenwe added potassium sulphate data gathered from aNational Statis-
tics Institute publication (INE 1965).
As we mentioned above, the data up to 1940 is expressed as gross tons of fertil-
izers. Therefore, we calculated nutrients using coefficients (Table 3.2). Most of the
coefficients were taken from Aguilera et al. (2015). In the cases where no data, or
ranges instead of single values, were provided in Aguilera et al. (2015), we took the
values from Gallego (1986). We also took fertilizers mixtures nutrient contents from
Gallego (1986), who estimated them as the average of nutrients contents. Moreover,
we estimated guano nutrient contents based on Wikipedia (2015) and Smil (2001),
taking into account that guano nitrogen content in the twentieth century should be
in the lower side of its historical range, as richer sources had already been depleted
(Table 3.2).
Graph 3.19a shows the evolution of the amounts of nitrogen consumed. We can
observe an upward trend during the pre-Civil War period (1898–1935, Graph 3.19a),
when consumption grew 26-fold. This growth was only briefly interrupted in 1918
by the effect of the First World War. The dominant N fertilizer during this period
was ammonium sulphate, which was obtained mainly through recovery from coke
oven gases. Imported Chilean nitrate (and lately also calcium nitrate) also played a
role in the supply of mineral N in Spain, while guano was already almost exhausted
by the beginning of the century.
3.4 Fertilizers 93
Table 3.2 Nutrient contents of fertilizers employed in Spain, percentage of nutrient
N (%) P2O5 (%) K2O Source
Ammonia 82.0 0.0 0.0 Aguilera et al. (2015)
Ammonium Nitrate 35.0 0.0 0.0 Aguilera et al. (2015)
Ammonium Sulfate 21.0 0.0 0.0 Aguilera et al. (2015)
Calcium-Ammonium Nitrate 25.0 0.0 0.0 Aguilera et al. (2015)
Calcium Nitrate 16.0 0.0 0.0 Aguilera et al. (2015)
Urea 46.0 0.0 0.0 Aguilera et al. (2015)
Potassium Nitrate 13.5 0.0 45.0 Gallego (1986)
Complex NPK fertilizers 15.0 15.0 15.0 Aguilera et al. (2015)
Mono Ammonium Phosphate 11.0 52.0 0.0 Aguilera et al. (2015)
Di Ammonium Phosphate 18.0 46.0 0.0 Aguilera et al. (2015)
Ammonium phosphate* 14.5 49.0 0.0 Aguilera et al. (2015)
Phosphate rock 0.0 32.0 0.0 Aguilera et al. (2015)
Triple Superphosphate 0.0 48.0 0.0 Aguilera et al. (2015)
Single superphosphate 0.0 18.0 0.0 Gallego (1986)
Slag 0.0 16.7 0.0 Gallego (1986)
Complex PK fertiizers 0.0 22.0 22.0 Aguilera et al. (2015)
Muriate of potash (potassium
chloride)
0.0 0.0 60.0 Aguilera et al. (2015)
Sulfate of potash 0.0 0.0 50.0 Aguilera et al. (2015), INE
(1965)
Sodiumnitrate 15.0 0.0 0.0 Smil (2001)
Mixtures Dynamic coefficient Gallego (1986)
Cianamida de cal 20.0 0.0 0.0 Smil (2001)
Kainita 0.0 0.0 18.0 Gallego (1986)
Silvinita 0.0 0.0 18.0 Gallego (1986
Guano 10.0 10.0 2.5 Wikipedia (2015), Smil (2001)
The post-CivilWar period (Graph 3.19b) started with stagnant use of N fertilizers,
which only surpassed pre-war levels by the mid-1950s. This stage corresponds to the
Autarky period of Franco’s dictatorship and was followed by an exponential growth
up to 1979. Growth slowed down onwards, with significant variability between years,
but still continued up to 2000, when N fertilizer consumption peaked at 1279 Gg N.
After that year, N fertilizer consumption fell to a minimum of 740 Gg N in 2008, and
partially recovered afterwards, reaching 962 Gg in 2013. The N fertilizer mix was
dominated by ammonium sulphate until the late-1960s, when it was surpassed by
calcium-ammonium nitrate. Urea and complex fertilizers became major N sources
in the 1970s and now represent the majority of the N fertilizer mix, together with
calcium-ammonium nitrate.



























































































































Graph 3.19 Nitrogen fertilizer consumption in Spain, 1898–1935 (a) and 1900–2013 (b), in Gg
N/year
Phosphate fertilizer consumption (Graph 3.20a) show a similar pattern than N
fertilizer consumption. Phosphate consumption grows by one order of magnitude
during the first third of the twentieth century (Graph 3.20b). The relative growth
is not as high as for N, but initial levels of P consumption are higher. The drop in
1918 is also very evident in this case. Phosphate fertilizer consumption is completely
dominated by single superphosphate during this period, with minor amounts of rock
phosphate, Thomas meal, mixtures and other (Graph 3.21).
Potassium fertilizer consumption trends resemble those of the other nutrients.
Growth rates were significant during pre-Civil War period and slowed down during
the 1940s and 1950s. Potassium chloride, followed by potassium sulphate, was the
majorK fertilizers until themid-1960s. Then, the arrival of compoundNPK fertilizers
meant a boost in potassium fertilizer consumption growth. After slowing down in the
1970s due to a decrease in the use of potassium chloride, total potassium consumption
grew fast again in the 1980s and 1990s, peaking in 1998 at 356 Mg K2O.


























































































































There is very limited information on the amounts of pesticides employed in Spain
during the studied period. The available statistics are fragmentary both temporally
and in terms of a full accounting of pesticide products. Moreover, only recently they
havebeen expressed as activematterweight. Thefirst available data, from theAnuario
de Estadística Agraria (MA 1930, 1931, 1933, 1934, 1935, 1939, 1940) reported
sulphur, copper sulphate and iron sulphate. An annual series expressed as monetary
value of main pesticide categories (including insecticides and acaricides, fumigants,
nematicides, fungicides, herbicides, veterinary products, and other) and covering the
1950–1967 period is reported by the 1973Anuario deEstadísticaAgraria report (MA






















































































































Graph 3.21 Potassium fertilizer consumption in Spain, 1898–1935 (a) and 1939–2013 (b), in Gg
K2O /year
1973), and this series is extended up to 1993 by the 1994 edition of that report (MAPA
1994). In 1955, starts another series including the quantities of pesticide products
grouped by active matter (including DDT, lindane, malathion, nitro compounds,
arsenic compounds, cyanuric compounds, and many other) but reported as total
weight, not active matter weight. This series finishes in 1968 and is published in
three reports (INE 1960, 1965, 1970). Last, the available data in FAOSTAT (FAO
2016) starts in 1990, groups pesticides by main categories (including insecticides,
fungicides herbicides and other and it is expressed as active matter weight.
We estimated the trends in the use of pesticides (sulfur and copper pesticides)
from 1900 to 1920 taking the 1933 value as a reference and assuming that the rate
of change was similar to that of total synthetic fertilizers during each interval (see
Fertilizers section). In 1933 and 1940 we took the reported values of the official
statistics, assuming that only sulfur and copper pesticides were used. There is very
high uncertainty in the estimation of pesticide use from 1940 to 1990. The conversion
of themonetary value series to physical units is hindered by the lack of information of
pesticide prices. On the other hand, the conversion of the total weight series to active
matter weight requires to know the average richness of each type of pesticide. If we
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estimate pesticide use based on 1990 inflation-adjusted (inflation data from Carreras
de Odriozola and Tafunell Sambola 2006) monetary value series we get much lower
pesticide consumption values than using the total weight series taking Naredo and
Campos (1980) approach of assuming 40% active matter weight (Graph 3.22a). In
fact, this assumption is really uncertain, as active matter content of commercial
pesticides can vary from less than 1% to almost 100%, with very large variations
between different commercial products evenwithin a single activematter compound.
Moreover, this series shows a sudden drop in the late 1960s that is not supported by

























































































Graph 3.22 Historical evolution of synthetic pesticide use in Spain (excluding sulfur and copper
pesticides), according to different estimations, 1950–2011, Gg Active matter /year. Price-based
series is calculated from MA (1973) and MAPA (1994); total amount-based series is calculated
from INE (1960, 1965, 1970), assuming 40% average active matter; active matter series is from
FAOSTAT (FAO 2016)
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Graph 3.23 Historical evolution of pesticide use in Spain, 1900–2008, Gg /year
find very unrealistic oscillations that suggest that those statistics are not very accurate
(Graph 3.22b). Therefore, we have selected the estimation based on prices instead
of that based on total weight.
The selected series inGraph 3.22a suggests thatmost growth in synthetic pesticide
use took place during the 1970s and 1980s decades, being more or less stagnant
afterwards.Graph3.22b shows the erratic behavior of individual pesticides use during
the 1955–1968 period according to INE. This lack of consistency has led us to discard
this data source (Graph 3.23).
Our reconstruction of pesticide use during the twentieth and early twenty-first
centuries shows two major growth periods, one during the first third of the century,
with the growth in copper and sulfur pesticides, and another one after the autarky
period of Franco’s dictatorship, with the growth in synthetic pesticide use. How-
ever, the copper and Sulphur series is only based on published statistics during the
1933–1970 period. Therefore, there is a high uncertainty in this series before and
after that period.
3.5.2 Greenhouses
Greenhouses, tunnels, and plastic mulches now represent an important share of hor-
ticultural crop production in Spain. The first published data on greenhouse and pro-
tected crop areas in Spain is in the 1975 Anuario de Estadística Agraria report (MA
1975a, b). Thereafter, the official statistics offer data on some of these items in 1981
(MAPA 1981), and on all of them in 1984 and 1986 (MAPA 1984, 1986). We esti-
mated area values in the middle years of those periods, and in years previous to 1975,
assuming constant growth rates. After 1986, protected crops data were published on
an annual basis. In some of these years, we have data from the previous year or
years. We selected preferably the latest published data, which sometimes had mod-




















Graph 3.24 Historical evolution of greenhouses, tunnels and mulches surface areas in Spain,
1970–2012, in thousands of hectares
ifications of previous reports (MAPA 1988, 1989, 1990, 1992, 1993, 1997, 1999,
2001, 2002, 2004, 2006, MARM 2008, 2010, MAGRAMA 2012, 2013a, b, c). The
complete series is shown in Graph 3.24a while Graph 3.24b shows 5-year average
data in our selected time steps. According to an official 2008 survey, about 97% of
fixed installations are plastic-covered and 3% glass-covered (MARM 2008a, b, c).
The reported surface areas in 1975 were 310 ha of fixed installation, 45 ha of
tunnels and 120 ha of plastic mulches. Maximum surface area of fixed greenhouse
installations was reached in 2006, with 52,867 ha, and in 2012 it had dropped to
48,206 ha. Maximum surface area of tunnels was reached in 2006, with 14,621 ha,
and maximum area of plastic mulches was reached in 2002, with 116,172 ha. The
latter dropped heavily in the following years, down to 44,827 ha in 2012.
Thus, the growth in this input was one of the latest among the agricultural inputs
employed in Spanish agriculture. It was only possible when the technologies used in
the construction of plastic-covered greenhouses and other crop protection techniques
used in Spain were mature enough to be economically applied at the large scale.
Moreover, greenhouse crop production is largely devoted to off-season and fresh
produce for export, which are dependent on well-developed distribution chains that
were only present in Spain relatively late.
3.6 Use of Inputs in the Agricultural Sector (Imports)
In the previous sections, we saw how the growth of external inputs was unstoppable,
especially since 1960, making it possible to intensify and specialize production as
described in the previous chapter. Table 3.3 shows all the inputs used from 1900
to 2008, distinguishing between industrial and biological inputs, as well as their
different behavior throughout the period. The use of inputs generally increased by two
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Table 3.3 External inputs used by Spanish agriculture (TJ), 1900–2008
1900 1930 1950 1970 1990 2008
Feed 1269.9 2046.8 1119.7 53,402.6 51,822.0 187,841.6
Seeds 314.6 183.6 578.2 0.0 0.0 5335.6
Total non-industrial
inputs
1584.5 2230.4 1697.9 53,402.6 51,822.0 193,177.0
Traction 528.9 2131.5 5681.3 81,695.6 103,296.4 129,665.6
Irrigation 995.3 2132.2 5096.0 20,712.0 58,565.5 75,406.9
Chemical fertilizers 1884.1 17,865.7 15,142.6 75,240.8 104,987.8 77,618.1
Crop protection 25.8 794.9 653.5 2384.8 24,369.3 31,135.1
Total industrial inputs 3432.2 22,924.2 26.573.5 180,033.3 291,219.0 313,825.7
Total external inputs 5018.7 25,154.6 28,271.3 233,436.0 343,041.0 507,002.7
1900 = 100
Feed 100 161 88 4205 4081 14792
Seeds 100 58 184 0 0 1696
Total non-industrial
inputs
100 141 107 3370 3271 12192
Traction 100 403 1074 15,446 19,530 24,516
Irrigation 100 214 512 2081 5884 7576
Chemical fertilizers 100 948 804 3003 5572 4120
Crop protection 100 3081 2533 9243 94,455 120,679
Total industrial inputs 100 668 774 5245 8485 9144
Total external inputs 100 501 653 4651 6835 10102
Source Author’s own compilation based on statistical sources and the use of coefficients included
in Aguilera et al. (2015)
orders of magnitude in the period between those two years, two thirds of which were
industrial inputs. Industrial inputs and their energy costs grew strongly in the second
half of the 20th century, first with the use of chemical fertilizers and mechanization,
then by irrigation and crop protection. As a result, yields per unit area increased,
especially in irrigated areas and in farms using new seed varieties, both hybrid and
improved. In fact, the use of seeds particularly increased between 1980 and 2008
with the arrival of industrial germplasm from specialized global companies. The
most immediate effect of the application of this land-saving technology was the
use of varieties that were more productive than traditional ones under optimum
nutrient and moisture supply conditions. But that was not the only effect. It also
broke the necessary rotations of traditional management to adapt to the shortage
of both nutrients and moisture. Thus, there was an expansion of monocultures and
crop rotations determined not by agronomic rationality but by agricultural market
demands. Resulting biodiversity reductions favored the appearance of plant plagues
and diseases and additional use of phytosanitary products that had until then been
quite limited. These kinds of chemical remedies generated a vicious circle in which
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the breaking of trophic chains (the use of insecticides led to the disappearance of
beneficial insects that control insect plagues), alongwith the progression of crops and
homogeneous varieties over large stretches of land, made it necessary to increasingly
use these substances to control pests and diseases. This item visibly grew the most
over time, despite not exceeding 6% of total energy expenditure in 2008.
In the next chapter, we will see the effects of mechanization on human work,
including the elimination of animal labor. The use of mechanical traction became
widespread between the sixties and seventies and never stopped growing, even in
the midst of the economic-financial crisis. Irrigation followed a similar course: at
first, irrigation was linked to large hydraulic works and later to so-called “irrigation
modernization”, consisting in the ever-increasing role of groundwater elevation and
pressurized irrigation networks requiring a high energy use. To finish, we have to
mention that coinciding with the livestock production process described above, feed
grew spectacularly, multiplying by a factor of 121 since 1900. In 2008, it accounted
for 38% of the energy value of all inputs used in the agricultural sector. This phe-
nomenal growth of inputs generally explains Spanish agriculture’s loss of efficiency,
as we will see in Chap. 5. Graph 3.25 clearly shows the enormous amount of energy
originating from outside the agricultural sector that was necessary to inject into
agroecosystems to maintain the continuous growth of agricultural production. While
biomass DE grew by 38%, the use of external energy multiplied by a hundred. In
1900, industrial inputs from outside the agroecosystem and used for production rep-
resented only 14.5% of total invested energy; in 2008, that percentage had risen to
62%, and if we add the feed from Latin America, it reached 99.4% of total energy
invested in agricultural production; that is, practically all the energy invested came
from outside the agricultural sector. The socio-economic consequences of this are







































Graph 3.25 Energy value of the inputs used in Spanish agriculture, in TJ. Source see Table 3.3
102 3 Agricultural Inputs and Their Energy Costs 1900–2010
References
Aguilera E, Guzmán GI, Infante-Amate J, Soto D, García-Ruiz R, Herrera A, Villa I, Torremocha E,
Carranza G, González deMolinaM (2015) Embodied energy in agricultural inputs. Incorporating
a historical perspective. Sociedad Española de Historia Agraria. DT-SEHA 1507
Aguilera E, Guzmán GI, González de Molina M, Soto D, Infante-Amate J (2019a) From animals to
machines. The impact of mechanization on the carbon footprint of traction in Spanish agriculture,
1900–2014. J Clean Prod 221:295–305
AguileraE,Vila-Traver J,DeemerBR, Infante-Amate J,GuzmánGI,González deMolinaM(2019b)
Methane Emissions from Artificial Waterbodies Dominate the Carbon Footprint of Irrigation: A
Study of Transitions in the Food-Energy-Water-Climate Nexus (Spain, 1900–2014), Environ Sci
Technol 53:5091–5101
ANSEMAT (Asociación Nacional de Maquinaria Agropecuaria Forestal y de Espacios Verdes)
(2007) Estudio de la situación del parque nacional de maquinaria agrícola Balance 2006. Madrid
Bartolomé Rodríguez I (2007) La industria eléctrica en España (1890–1936). Madrid. Banco de
España, Estudios de Historia Económica, no. 50
Bhat MG, English BC, Turhollow AF, Nyangito HO (1994) Energy in synthetic fertilizers and pes-
ticides: revisited. Final project report. Knoxville, TN, USA. Tennessee University Press, Depart-
ment of Agricultural Economics and Rural Sociology
Boserup E (1981) Population and technological change. A study of long-term trends. University of
Chicago Press, Chicago, USA
Calatayud S,Martínez-Carrión JM (2005) El cambio tecnológico en el uso de las aguas subterráneas
en la España del siglo XX. Un enfoque regional. Revista de Historia Industrial 28:81–114
Cao S, Xie G, Zhen L (2010) Total embodied energy requirements and its decomposition in China’s
agricultural sector. Ecol Econ 69:1396–1404
Carpintero O, Naredo JM (2006) Sobre la evolución de los balances energéticos de la agricultura
española, 1950–2000. Hist Agrar 40:531–554
Carreras de Odriozola A, Tafunell Sambola X (2005) Estadísticas históricas de España, siglos
XIX–XX. Madrid. Fundación BBVA
Cleveland CJ (1995) The direct and indirect energy use of fossil-fuels and electricity in USA
agriculture, 1910–1990. Agric, Ecosyst Environ 55:111–121
Corominas J (2010) Agua y energía en el riego, en la época de la sostenibilidad. Ingeniería del Agua
17:219–233
Dahmus JB (2014) Can efficiency improvements reduce resource consumption? J Ind Ecol
18:883–897
FAO (2016) Database for food and agriculture. Rome. Available in: http://faostat3.fao.org/browse/
R/*/E
Fernández Prieto L (2001) El cambio tecnológico en la historia agraria de la España contemporánea.
Hist Agrar 24:59–86
Fischer-Kowalski M, Haberl H (2007) Socioecological transitions and global change: Trajectories
of social metabolism and land use. Institute of Social Ecology. Vienna (Austria). Edward Elgar
Publishing
Fischer-Kowalski M, Krausmann F, Pallua I (2014) A sociometabolic reading of the Anthropocene:
modes of subsistence, population size and human impact on earth. Anthropocene Rev 1(1):8–33
Gagnon N, Hall CAS, Brinker L (2009) A preliminary investigation of energy return on energy
investment for global oil and gas production. Energies 2:490–503
Gallego D (1986) La producción agraria de Álava, Navarra y La Rioja desde mediados del siglo
XIX a 1935. Universidad Complutense de Madrid, Madrid
Giampietro M, Bukkens SGF, Pimentel D (1999) General trends of technological changes in agri-
culture. CritAl Rev Plat Sci 18:261–282
Gutowski TG, Sahni S, Allwood JM, Ashby MF, Worrell E (2013) The energy required to produce
materials: constraints on energy-intensity improvements, parameters of demand. Philos Trans R
Soc A-Math Phys Eng Sci 371:1–14
References 103
Guzmán casado GI, González de Molina M (2009) Preindustrial agriculture versus organic agricul-
ture: the land cost of sustainability. Land Use Policy 26:502–510
Guzmán GI, Aguilera E, Soto D, Cid A, Infante-Amate J, García-Ruiz R, Herrera A, Villa I,
González de Molina M (2014) Methodology and conversión factors to estimate the net primary
productivity of 112 historical and contemporary agro-ecosystems (I). Documento de Trabajo de
la Sociedad Española de Historia Agraria, no 14–06. Disponible en: www.seha.info
Hall CAS, Balogh S, Murphy DJR (2009) What is the Minimum EROI that a sustainable society
must have? Energies 2:25–47
Hall CAS, Lambert JG, Balogh SB (2014) EROI of different fuels and the implications for society.
Energy Policy 64:141–152
IDAE (Instituto para la Diversificación y Ahorro de la Energía) (2015) Balances del consumo de
energía final: Serie histórica 1990–2013. Ministerio de Energía, Industria y Turismo, Madrid
IEA (2015) Energy Statistics and Balances of Non-OECDCountries and Energy Statistics of OECD
Countries, and United Nations, Energy Statistics Yearbook. In: Agency IE (Ed)
INE (Instituto Nacional de Estadística) (1960) Anuario de estadística 1960. Madrid
INE (Instituto Nacional de Estadística) (1963) Censo agrario 1962. Madrid
INE (Instituto Nacional de Estadística) (1965) Anuario de estadística 1965. Madrid
INE (Instituto Nacional de Estadística) (1970) Anuario de estadística 1970. Madrid
INE (Instituto Nacional de Estadística) (1997) Anuario de estadística 1997. Madrid
Infante-Amate J, Soto D, Aguilera E, García Ruiz R, Guzmán G, Cid A, González de Molina
M (2015) The spanish transition to industrial metabolism long-term material flow analysis
(1860–2010). J Ind Ecol 19(5):866–876. Available in: https://doi.org/10.1111/jiec.12261
JCA (Junta Consultiva Agronómica) (1918) Medios que se utilizan para suministrar el riego a las
tierras y distribución de los cultivos en la zona regable. Resumen hecho por la Junta Consultiva
Agronómica de las Memorias de 1916, remitidas por losingenieros del Servicio Agronómico
provincial. Ministerio de Fomento. Dirección General de Agricultura, Minas y Montes, Madrid,
Spain
Jenssen TK, Kongshaug G (2003) Energy consumption and greenhouse gas emissions in fertilizer
production. International Fertiliser Society Meeting London, London, UK
Krausmann F, Haberl H (2002) The process of industrialization from the perspective of energetic
metabolism: socioeconomic energy flows in Austria 1830–1995. Ecol Econ 41:177–201
Krausmann F, Erb KE, Gringrich S, Lauk C, Haberl H (2008) Global patterns of socioeconomic
biomass flows in the year 2000: a comprehensive assessment of supply, consumption and con-
straints. Ecol Econ 65:471–487
MA (Ministerio de Agricultura) (1930) Anuario de Estadística Agraria 1930. MA, Madrid
MA (Ministerio de Agricultura) (1931) Anuario de Estadística Agraria 1931 MA, Madrid
MA (Ministerio de Agricultura) (1933) Anuario de Estadística Agraria 1933. Madrid
MA (Ministerio de Agricultura) (1934) Anuario de Estadística Agraria 1934. Madrid
MA (Ministerio de Agricultura) (1935) Anuario de Estadística Agraria 1935. Madrid
MA (Ministerio de Agricultura) (1939) Anuario de Estadística Agraria 1939. Madrid
MA (Ministerio de Agricultura) (1940) Anuario de Estadística Agraria 1940. Madrid
MA (Ministerio de Agricultura) (1966) La agricultura, la pesca y la alimentación en España, año
1966. Madrid
MA (Ministerio de Agricultura) (1970) La agricultura, la pesca y la alimentación en España, año
1970. Madrid
MA (Ministerio de Agricultura) (1973) Anuario de Estadística Agraria 1973. Madrid
MA (Ministerio de Agricultura) (1975) Anuario de Estadística Agraria 1975. Madrid. Ministerio
de Agricultura
MA (Ministerio de Agricultura) (1975) La agricultura, la pesca y la alimentación en España, año
1975. Madrid
MA (Ministerio de Agricultura) (1976) La agricultura, la pesca y la alimentación en España, año
1976. Madrid
104 3 Agricultural Inputs and Their Energy Costs 1900–2010
MA (Ministerio de Agricultura) (1977) La agricultura, la pesca y la alimentación en España, año
1977. Madrid
MA (Ministerio de Agricultura) (1978) Anuario de Estadística Agraria 1978. Madrid
MAGRAMA (Ministerio de Agricultura Alimentación y Medio Ambiente) (2008) Encuesta sobre
superficie y rendimiento de cultivos. Resultados 2008. Madrid.
MAGRAMA (Ministerio de Agricultura, Alimentación y Medio Ambiente) (2012) Anuario de
Estadística Agraria 2012. Madrid
MAGRAMA (Ministerio de Agricultura, Alimentación y Medio Ambiente) (2013a) Anuario de
Estadística Agraria 2013. Madrid
MAGRAMA (Ministerio de Agricultura, Alimentación y Medio Ambiente) (2013b) Balance del
nitrógeno en la agricultura española. Año 2011. Madrid
MAGRAMA (Ministerio de Agricultura, Alimentación y Medio Ambiente) (2013c) Ganado Por-
cino de Ciclo Cerrado en Aragón: estudios de Costes y Rentas de las Explotaciones Agrarias.
Resultados Técnico-Económicos. Madrid
MAGRAMA (Ministerio de Agricultura, Alimentación yMedio Ambiente) (2015a) Encuesta sobre
superficies y rendimientos de cultivo. Informe sobre regadíos en España. Madrid
MAGRAMA (Ministerio de Agricultura, Alimentación y Medio Ambiente) (2015b) Inventario de
presas y embalses. Madrid
MAGRAMA (Ministerio de Agricultura, Alimentación y Medio Ambiente) (2016) El libro digital
del agua. Madrid
MAIC (Ministerio de Agricultura, Industria y Comercio) (1928) Anuario de Estadística Agraria
1928. Madrid
MAIC (Ministerio de Agricultura, Industria y Comercio) (1930) Anuario de Estadística Agraria
1930. Madrid
MAIC (Ministerio de Agricultura, Industria y Comercio) (1931) Anuario de Estadística Agraria
1931. Madrid
MAIC (Ministerio de Agricultura, Industria y Comercio) (1932) Anuario de Estadística Agraria
1932. Madrid
Maicop (Ministerio de Agricultura, Industria, Comercio y Obras Públicas) (1904) El regadío en
España. Resumen hecho por la Junta Consultiva Agronómica de las memorias sobre riegos remi-
tidas por los ingenieros del Servicio Agronómico provincial. Madrid
MAPA (Ministerio de Agricultura, Pesca y Alimentación) (1980) Anuario de Estadística Agraria
1980. Madrid
MAPA (Ministerio de Agricultura, Pesca y Alimentación) (1981) Anuario de Estadística Agraria
1981. Madrid
MAPA (Ministerio de Agricultura, Pesca y Alimentación) (1984) Anuario de Estadística Agraria
1984. Madrid
MAPA (Ministerio de Agricultura, Pesca y Alimentación) (1986) Anuario de Estadística Agraria
1986. Madrid
MAPA (Ministerio de Agricultura, Pesca y Alimentación) (1988) Anuario de Estadística Agraria
1988. Madrid
MAPA (Ministerio de Agricultura, Pesca y Alimentación) (1989) Anuario de Estadística Agraria
1989. Madrid
MAPA (Ministerio de Agricultura, Pesca y Alimentación) (1990) Anuario de Estadística Agraria
1990. Madrid
MAPA (Ministerio de Agricultura, Pesca y Alimentación) (1992) Anuario de Estadística Agraria
1992. Madrid
MAPA (Ministerio de Agricultura, Pesca y Alimentación) (1993) Anuario de Estadística Agraria
1993. Madrid
MAPA (Ministerio de Agricultura, Pesca y Alimentación) (1994) Anuario de Estadística Agraria
1994. Madrid
MAPA (Ministerio de Agricultura, Pesca y Alimentación) (1997) Anuario de Estadística Agraria
1997. Madrid
References 105
MAPA (Ministerio de Agricultura, Pesca y Alimentación) (1999) Anuario de Estadística Agraria
1999. Madrid
MAPA (Ministerio de Agricultura, Pesca y Alimentación) (2001) Anuario de Estadística Agraria
2001. Madrid
MAPA (Ministerio de Agricultura, Pesca y Alimentación) (2002) Anuario de Estadística Agraria
2002. Madrid
MAPA (Ministerio de Agricultura, Pesca y Alimentación) (2003) Encuesta sobre superficies y
rendimientos de cultivos del año 2002. Memoria. Madrid
MAPA (Ministerio de Agricultura, Pesca y Alimentación) (2004) Anuario de Estadística Agraria
2004. Madrid
MAPA (Ministerio de Agricultura, Pesca y Alimentación) (2006) Anuario de Estadística Agraria
2006. Madrid
MAPA (Ministerio de Agricultura, Pesca y Alimentación) (2007) Análisis del parque nacional de
tractores agrícolas en 2005–2006. Madrid
MARM (Ministerio de Medio Ambiente, Medio Rural y Marino) (2008) Inventario de emisiones
de gases de efecto invernadero de España 1990–2006 Madrid. Ministerio de Medio Ambiente,
Medio Rural y Marino
MARM (Ministerio de Medio Ambiente, Medio Rural y Marino) (2008) Encuesta sobre superficies
y rendimientos de cultivos. Madrid
MARM (Ministerio de Medio Ambiente, Medio Rural y Marino) (2010) Anuario de Estadística
Agraria 2010. Madrid
MARM (Ministerio de Medio Ambiente, Medio Rural y Marino) (2008) Anuario de Estadística
Agraria 2008. Madrid
Martinez-Ruiz JI (2000) Trilladoras y tractores: energía, tecnología e industria en la mecanización
de la agricultura española (1862–1967). Universidad de Sevilla, Sevilla, Spain
Mateu Tortosa E (2013) Agriculture and propaganda: chilean nitrate fertilizers in Spain. Hist Agrar
59:95–123
Meadows DH, Meadows DL, Randers JY, Behrens III WW (1972) The Limits to growth: a report
for the Club of Rome’s project on the predicament of mankind. Universe Books, New York
MF (Ministerio de Fomento) (1918) Medios que se utilizan para suministrar el riego a las tierras y
distribuciónde los cultivos en la zona regable.Resumenhechopor la JuntaConsultivaAgronómica
de las memorias de 1916, remitidas por los ingenieros al Servicio Agronómico provincial. Madrid
MI (Ministerio de Industria) (1961a) Estadística de la industria de la energía eléctrica. Resumen
del año 1960. Madrid
MI (Ministerio de Industria) (1961b) La energía en España. Evolución y perspectivas (1945–1975).
Madrid
MI (Ministerio de Industria) (1972) Estadística de la industria de energía eléctrica 1970. Madrid
MIE (Ministerio de Industria y Energía) (1981) Estadística de la industria de energía eléctrica 1980.
Madrid
MIE (Ministerio de Industria y Energía) (1991) Estadística de la industria de energía eléctrica 1990.
Madrid
MIE (Ministerio de Industria y Energía) (2003) Estadística de la industria de energía eléctrica 2002.
Madrid
MINETUR (Ministerio de Energía, Industria y Turismo) (2015) Balances de energía final
(1990–2013). Madrid
MINETUR (Ministerio de Energía Industria y Turismo) (2016) Estadísticas eléctricas anuales
(1958–2009). http://www.minetur.gob.es/energia/balances/Publicaciones/ElectricasAnuales/
Paginas/ElectricasAnuales.aspx. Accessed 12 Feb 2016. MINETUR, Madrid.
MITYC (Ministerio de Industria, Turismo y Comercio) (2009) Estadística de la industria de energía
eléctrica 2008. Madrid
Naredo JM, Campos P (1980) Los balances energéticos de la agricultura española. Agricultura y
Sociedad 15:163–255
106 3 Agricultural Inputs and Their Energy Costs 1900–2010
Pelletier N, IbarburuM,XinH (2014) Comparison of the environmental footprint of the egg industry
in the United States in 1960 and 2010. Poult Sci 93:241–255
Pellegrini P, Fernández RJ (2018) Crop intensification, land use, and on-farm energy-use efficiency
during the worldwide spread of the green revolution. Proc Nat Acad Sci, USA 115: 2335–2340.
Pérez-Minguijón M (1992) Análisis del parque nacional de cosechadoras de cereales. Rev Estud
Agro-Soc 159: 271–289
Pérez-Minguijón M (1999) El nuevo reglamento general de vehículos y maquinarias agrícolas.
Agrotécnica 2:9–11
Ramírez CA, Worrell E (2006) Feeding fossil fuels to the soil: An analysis of energy embedded
and technological learning in the fertilizer industry, Resour Conserv Recycl 46:75–93
REE (Red Eléctrica de España) (1998) El sistema eléctrico español 1997. Madrid
REE (Red Eléctrica de España) (2000) El sistema eléctrico español 1999. Madrid
REE (Red Eléctrica de España) (2005) El sistema eléctrico español 2004. Madrid
REE (Red Eléctrica de España) (2010) El sistema eléctrico español 2009. Madrid
REE (Red Eléctrica de España) (2012) El sistema eléctrico español (2011). Red Eléctrica de España,
Madrid
REE (Red Eléctrica de España) (2015) Balances de energía eléctrica (1990–2014). Madrid
Smil V (1999) Energies: an illustrated guide to the biosphere and civilization. The MIT Press,
Cambridge, MA, USA
Smil V (2001) Enriching the earth: Fritz Haber, Carl Bosch, and the transformation of world food
production. The MIT Press, Cambridge, MA, USA
Smil V (2013) Harvesting the biosphere: what we have taken from nature. The MIT Press, London
UNESA (Asociación Española de la Industria Eléctrica) (2005) El sector eléctrico a través de
UNESA (1944–2004). Madrid
Wikipedia (2015) Guano
Open Access This chapter is distributed under the terms of the Creative Commons Attribution
4.0 International License (http://creativecommons.org/licenses/by/4.0/), which permits use, dupli-
cation, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, a link is provided to the Creative Com-
mons license and any changes made are indicated.
The images or other third party material in this chapter are included in the work’s Creative
Commons license, unless indicated otherwise in the credit line; if such material is not included
in the work’s Creative Commons license and the respective action is not permitted by statutory
regulation, users will need to obtain permission from the license holder to duplicate, adapt or
reproduce the material.
Chapter 4
Decreasing Income and Reproductive
Problems of the Agricultural Population
4.1 Introduction
In the previous chapter, we reviewed Spanish agroecosystems’ means of production,
that is, one of its two social fund elements. We did so by analyzing the evolution
of inputs used. In this chapter, we describe the evolution of the agricultural popula-
tion, the second social fund. The agricultural population emits a work flow that is
measurable in terms of energy. It also originates an integrated information flow that
supports its own structure and functioning. This flow is generated by households,
whose “reproduction” is not only of a biological nature: it also relies on economic
costs that have varied over time. Consequently, the concept of agrarian metabolism
we put forward here takes into account not only the number of individuals engaged
in agricultural work and the time spent on it but also their families or households
and the paid or unpaid work time that is required to sustain them. The maintenance
of a constant flow of human energy needed to manage agroecosystems depends on
the reproduction of these agricultural groups. Reproduction costs must be covered
by income from the sale of agricultural production or from wages obtained from the
sale of labor power.
This second fund element is often characterized by paidwork. But paidwork is not
fully operational in the case of agrarian metabolism because not all work going into
agriculture is marketed, i.e., paid. Reproductive work and family care associatedwith
biological reproduction constitute unpaid reproductive jobs though they are essential
to reproduce agricultural work flows. We do not dispose of adequate sources to make
a full-scale estimate of the time budget of all these reproductive tasks nor of all
the other gainful activities (paid work outside the sector) that became ever more
widespread as agricultural activity became less profitable. Though such estimates
have been carried out for local case studies and provide us with valuable information
for organic agriculture contexts (Marco 2017; Villa 2017), they go beyond the scope
of this research for now. Statistical sources do not include any category enabling
to quantify the number of households dedicated to agricultural activity anyway.
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However, in the absence of a full-blown analysis of agricultural households, it is
possible to estimate their reproduction costs, understood as the amount of goods and
services necessary to maintain and reproduce the household measured in monetary
terms.
It is interesting to examine for that matter whether Spanish agriculture was able
to sustain its agricultural population during the twentieth century and what impact it
had on other fund elements. To this end, this chapter attempts to quantify the mone-
tary flow that farmers received in exchange for their marketed production and their
work throughout the period under study. Our main hypothesis is that they perceived
insufficient income to sustain and reproduce their household. They were driven to
seek higher incomes by specializing in crops with the most profitable market outlets
or by intensifying production. Thus, close links can be established between insuf-
ficient income and tendencies towards intensification and productive specialization.
Insufficient income derived from the unequal distribution of income among farmers
themselves. Small farmers were especially affected, and many eventually abandoned
their activity. But the reasons for income inequality differed at the beginning and at
the end of the period under study. During the first half of the century, unequal distri-
bution of agricultural income (internal inequality) meant that a large share of farmers
perceived insufficient income. During the second half of the century, however, the
sector at large saw its income drop. This fall persisted over time and especially
weighed on small farmers. Income decline resulted from the deterioration of terms
of trade, giving rise to the transfer of income to other sectors of activity (external
inequality). In this context, productive intensification and specialization became a
common strategy for all farmers, regardless of their size.
The lack of data sources was amajor problemwhen performing our analysis of the
first 50 years of the twentieth century. For this reason, all the information available for
this period has been brought together in the first section. We have attempted to esti-
mate household income and expenditure and their impact on employment and farm
structures. Nevertheless, we disposed of much more information on developments
since the 1950s, when inequality became external and most farmers began to follow
the intensification pattern. The following sections separately analyze income, house-
hold spending behavior, the extent of achieved expenditure coverage and impacts on
employment and farm structures. The chapter ends with some general conclusions
on the agricultural population fund element’s evolution, its current situation, and its
prospects.
4.2 The Agricultural Population During the First Half
of the Twentieth Century
By the end of the nineteenth century, communal property and rights had been com-
pletely dismantled. Small plots of municipal land (called “Propios”) distributed to
day laborers and small landowners had been privatized during the 1855 General
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Disentailment. From then on, day laborers began to depend almost exclusively on
earnedwages and small farmers, whether owners, tenants or sharecroppers, depended
on the sale of their products. The commodification of their economies, that began
when the Liberal Agrarian Reform was introduced at the beginning of the nineteenth
century, had been completed (for a review, see Acosta et al. 2009). In this context,
wages and prices became the central explanatory factors of farmers and farmworker
decisions.
As we saw in Chap. 2, during the first third of the twentieth century, Spanish
agriculture grew slowly initially and more vigorously later. This had consequences
on the agricultural population’s size and composition as well as on their reproduction
strategies. The sources available for estimating the agricultural population during
these years differ from the sources available after the 1950s, although all estimates
are based directly or indirectly on population censuses led and published by the
National Institute of Statistics or prior agencies. For the study period before 1950,
we used the professional classifications established in the censuses to compile the
information in Table 4.1 that reflects the evolution of the active population throughout
those years. At least two distinct periods can be distinguished: that of falling active
agricultural population between 1900 and the 1930s; and the forties and fifties when
the population recovered and even exceeded its 1900 size.
In 1900, the active agricultural population exceeded 4.5 million male and female
individuals. Female workers tend to be underestimated by official statistics, not to
mention domestic and care work that largely remains outside the market still today,
unreflected in national accounting. Women accounted for only 17% of total workers,
and 1900 was also the year in which the largest amount of women’s work appeared
in the sources. Research carried out at a local level during these years suggests a
much greater weight of women in agricultural work (Marco 2017; Villa 2017). The
figure, as we shall see later, was not the biggest in the series in absolute terms,
but it did represent the highest percentage of the active population (60.4%) and of
the population generally (25%). For a sector that could still be defined as organic
agriculture, human labor was essential, given its major role in agricultural work
processes.
Table 4.1 Active agricultural population (thousand) and its percentage over total active population
and total population
Year Men Women Active
agricultural pop
Total active pop % Total pop %
1900 3782.6 775.7 4558.3 7547.0 60.4 18,830.6 24.2
1910 3861.1 359.4 4220.5 7581.5 55.7 20,360.3 20.7
1920 4232.8 322.8 4555.6 7962.4 57.2 22,012.6 20.7
1930 3777.3 263.4 4040.7 8772.5 46.1 24,026.5 16.8
1940 4518.9 262.1 4781.0 9360.9 51.1 26,386.8 18.1
1950 4827.6 409.5 5237.2 10.793.1 48.5 28,172.2 18.6
Source Population census. INE
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Table 4.2 Evolution of cultivated land productivity (considering only primary crops and not includ-
ing residues and labor) in biophysical and monetary terms















1900 0.68 100 138 100 2.45 100 723.7 100
1910 0.71 105 127 92 2.99 122 783.8 108
1922 0.79 116 138 100 3.28 134 814.4 112
1933 0.82 121 166 120 4.13 168 1173.3 162
Source Compiled by the author. Monetary data was obtained from Simpson (1997, 58), based on
1910 pesetas. Only the main crops were included to get as close as possible to monetary values.
Therefore, the rest of the cultivated lands’ net primary productivity is not accounted for
Pts = pesetas; dm = dry matter
The period of evolution of the active agricultural population1 can be divided
in turn into two sub-periods: a first period during which the numbers of the active
population remained more or less stable and a second, starting in the 1920s, when the
numbers began to fall sharply. Labor productivity increase, measured in monetary
terms (see Table 4.2), explains the 7.4% reduction reflected in the 1910 figures.
This evolution pattern should have persisted. However, the numbers of the active
population had recovered by the early 1920s and its percentage with respect to the
total active population had barely dropped to 57.2%. We can, therefore, say that the
size of the active population remained almost stable during the first twenty years of
the century.
This behavior is consistent both with agriculture’s growth rates and the technolog-
ical changes implemented in those years. The agricultural sector grew significantly
between 1900 and 1933, as shown both by the increase in production per hectare
and per worker, as illustrated in Table 4.2. But between 1900 and 1922, productivity
per hectare grew very little in physical terms and not at all in monetary terms; the
increase in labor productivity was slightly higher for both measurements. In contrast,
during the 1922–1933 period, land productivity grew in physical terms at a similar
rate to that of previous decades, but labor productivity accelerated, as the number of
workers dropped sharply. In 1930 the countryside had lost more than half a million
of its active population compared to 1900. These active members of the population
already represented less than half of the total active population and less than 17% of
the Spanish population.
Productivity increases were due to Spanish agriculture’s incipient processes of
intensification and production specialization, as described in previous chapters.
From a labor demand perspective, the dissemination of new irrigation technolo-
gies (Calatayud and Martínez Carrión 1999) and the use of chemical fertilizers (see
Chap. 3) played an essential role. Increases in productivity per hectare could have
1The agricultural population is the population aged between 12 and 65 who can work in agriculture.
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been even greater had the cultivated land not grown by 23.7%, thanks, among other
things, to chemical fertilizers and new plows that carried out heavier-duty work.
Increases in labor productivity rates were influenced, in turn, by the spread of new
mechanical technologies. These technologies became more widespread during the
twenties and were usedmore intensely, precisely as the active agricultural population
began to decrease. Most technologies at the time were designed to save land and not
labor force. Even as mechanization gained ground, it concerned traditional crops that
required less labor than intensive crops, which are much more difficult to mechanize.
Similar developmentswere taking place in the rest of Europe, although the number
of farmworkers had begun to fall more rapidly. This relative divergence is due tomul-
tiple factors, but two issues proper to the case of Spain are worthy of mention: on the
one hand, the structural nature of the differences in productivity, hard to overcome,
and the new mechanical technology problems of adapting to Spanish agriculture’s
land and climate conditions. The fact is, despite agricultural growth, work processes
continued to demand large numbers of workers on a punctual basis to realize con-
crete tasks: for example, the weeding and harvesting of cereals or the harvesting of
olives. Olive grove harvesting would scarcely change until the 1980s (Infante-Amate
2011). Self-propelled machinery began to spread as early as the fifties. Until then, a
relatively narrow relationship existed between each country’s land and climate con-
ditions and the possibilities of replacing human work with animal labor, leading to
greater work productivity. Spain, with low net primary productivity, could not reach
the same productivity levels per hectare or per worker achieved by other more north-
ern European countries (González deMolina 2001). Productivity was conditioned by
the employment offer that Spanish cereal rainfed lands could generate. These lands
covered extensive stretches of territory and presented few alternatives of use. The
employment offer was highly seasonal for crop and occasional in the case of fallows.
This capacity was in stark contrast with that, for example, offered by irrigation, for
which work demand existed almost throughout the year. It has been argued that the
active agricultural population was in fact so abundant it discouraged the adoption
of major measures of productivity improvement. However, this view, so widespread
in Spanish economic historiography (Simpson 1997), obliviates that in reality there
was very little that could be done to converge with other humid European countries.
Thus, during those years, agriculture relied on large numbers of individuals gath-
ering in the fields to accomplish major tasks; these farm workers already relied
exclusively onwages or received prices to survive.Wageswere usually low and irreg-
ular. Agricultural unemployment did not consist in a percentage of workers without
access to work, but in the number of days per year when there were no employment
needs, unlike industry or services unemployment. This may explain why the different
sector’s administrations did not offer concrete data on agricultural unemployment
during the first third of the twentieth century, unlike after the 1950s. Furthermore, the
Spanish industry offered a limited amount of opportunities for alternative employ-
ment (Gallego 2001, 1986). Nevertheless, these general trends hide great territorial
disparities: the number of primary sector employees dropped mainly in industrial
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areas, while in inland agricultural areas, these majority percentages remained largely
unchanged. Precisely for this reason, unbalanced property distribution led to noto-
rious peasant revolts giving rise to the so-called “agrarian question” (Acosta et al.
2009). We will return to this issue later.
Having described the size of the active agricultural population, we must now turn
towards their income and expenditure requirements. Income is usually reflected in
agricultural sector accounts and national accounts. These accounts are provided both
by the Ministry of Agriculture and the National Institute of Statistics. However, the
sector’s accounts only began to be drawn up in the fifties, so we do not dispose of
accounting information for the first half of the century. Reconstructing macromag-
nitudes over those years goes beyond the scope of this book. However, we do have
some estimates on the value of total agricultural production (GEHR 1983) and final
production (Simpson 1997) for the period before the civil war.
We also dispose of two estimates of the share of agriculture, fisheries and forestry
in Gross Value Added (GVA): one carried out by Maluquer (2016) and another by
Prados de la Escosura (2017). Although both estimations are based on the same final
agricultural production size series provided by Prados, itself based on Simpson’s final
production calculations, we can find considerable differences between them. These
differences are due to the various ways in which both authors related historical esti-
mates with national accounting. Neither of them offers a series that is comparable
with that offered by the sector’s macromagnitudes, much less with an agricultural
income series. In any case, we used both series as a proxy for the monetary remuner-
ation that farmers would have received in exchange for their products. These series
were calculated per farm worker, using our own employment series for the sector.
Although considerable differences can be observed between both series, both
share a similar evolution that is generally consistent with that typically accepted by
historiography. According to Prados, agricultural GVA per member of active agri-
cultural population grew between 1900 and 1935 by 95.7%, and by 55.8% according
to Maluquer. It dropped between 1935 and 1950 by 35.4% and 1.9%, respectively.
Either way, there was an upward trend during the first third of the twentieth century in
both series. Total GVA growth rates between 1900 and 1935 are similar in both series
to those of GVA per member of active agricultural population (89.4% for Prados and
50.7% for Maluquer).
Also worthy of interest is its relationship with the rest of the economy. Graphs 4.1
and 4.2 show the evolution of GVA per worker in agriculture and in the economy
as a whole throughout the first third of the twentieth century. Although agricultural
productivity was between 40 and 50% lower than that of the economy as a whole,
this ratio did not decrease significantly in the first third of the twentieth century and
that is the most relevant point. It is much more difficult to know to what extent the
agricultural sector’s productivity improvements were able to meet the needs of the
agricultural population. We do not dispose of a series on disposable income or a
series on basic rural household consumption. To solve this problem, we made some
calculations the result of which should be considered as merely indicative. The first
household budget survey to be conducted provides data on household consumption





























































Graph 4.1 Gross value-added per active population member, in constant year 2000 euros. Source




















































Graph 4.2 Share of GVA/member of active agricultural population compared to GVA/member of
total active population. Source Maluquer 2016 and our own active population data (Given that the
original series used by Prados and Maluquer is the same, the percentage ratio between agricultural
and total GVA is identical. That’s why we showed only one of the two series.)
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in 1958, including households living in rural areas, described as “suburban” in the
surveys. According to our own reconstruction of the Spanish economy’s metabolic
profile (Infante-Amate et al. 2015), exosomatic consumption levels were similar
to those in the first half of the century and endosomatic consumption levels were
recovering those prior to the civil war (González de Molina et al. 2014, 2017).
However, theremust have been differences between 1900 and 1958. To uncover these
differences, we assumed that household budgets followed a similar trend to that of
national private consumption, estimated by Prados (2003, 405–410; and Carreras
and Tafunell 2005, 1284–1285). We, therefore, estimated household budgets since
1900 based on 1958 household consumption, applying the same variation rate as that
of private consumption from 1901 to 1950.
Table 4.3 compares the GVA per active agricultural population member of both
estimates with average household expenditure over the 1900 to 1950 period in cur-
rent pesetas, which gives an idea of the extent of coverage provided by agricul-
tural income.2 Table 4.3 presents the data for three different periods: 1901–1905,
1931–1935, and 1946–1950. Discrepancies between Prados and Maluquer estima-
tions can be observed, the latter indicating a wider coverage. In any case, at the
beginning of the twentieth century, GVA per active agricultural population member
covered 79.5% of household budgets according to Prados, while GVA was sufficient
based on Maluquer’s values, and there was even some remaining income. The rela-
tionship worsened in the thirties in both GVA estimates. At the end of the 1940s, the
situation improved slightly according to Prados and clearly improved according to
Maluquer. Real GVA values are probably situated between both estimates, therefore,
close to the country’s average household expenditure. Nevertheless, both estimates
reveal a similar trend: a declining percentage of coverage throughout the first third
of the century that is consistent with the progress of the country’s economy. Despite
agricultural production growth and the falling numbers of workers, household spend-
ing grewmore rapidly and this reduced the extent of coverage of agricultural income.
The evolution of apparent food consumption described in previouswork corroborates
this increase in household expenditure (González de Molina et al. 2014). The forties







% coverage % coverage
Prados Maluquer Prados Maluquer
1901–05 962.3 765.4 1114.8 79.5 115.8
1931–35 2881.6 1913.5 2745.4 66.4 95.3
1946–50 10,250.2 7104.9 11,314.5 69.3 110.4
Source 1958 survey of household budgets, Maluquer (2016), Prados (2003, 2017) and our active
population data
2This calculation is merely an approximation given that GVA is not equivalent to income, but it
provides a useful comparison framework.
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would represent a decline in the agricultural sector’s GVA in constant pesetas, both
for Prados and for Maluquer.
Strategies adopted by agricultural households must have been conditioned by
income from agricultural activity in the absence of other production alternatives, as
we have seen. In that sense, we have already emphasized the major role of inequality
to explain intensification and specialization processes of Spanish agroecosystems
during the entire study period, as inequality was the driver of a range of farmer
strategies. Inequality was of course not the only reason. Agricultural income was
indeed unevenly distributed and this encouraged the adoption of distinct production
strategies that converged in the specialization and intensification of production. The
analysis of property and farm structures should allow us to discover whether the
land was distributed fairly among farmers, though it is only possible to perform this
analysis starting from the first agricultural census to be published in 1962. The only
information we dispose of is that published by Pascual Carrión, who gathered the
results of the preliminary land register (Avance Catastral) until 31 December 1930
(Carrión 1932 [1975]). This information describes the structure of property and not
that of farms. In addition, the data provided refer to 27 provinces, i.e., 62.4% of the
total area. More northern provinces of the Peninsula are missing, generating a data
bias favorable to larger farms and an underestimation of small farms.
Table 4.4 shows the taxable income declared by owners included in the Rural
Land Cadastre (Catastro de Rústica), based on plot sizes. Obviously, the table does
not fully capture the real number of owners as it is based on all registered landowners
omitting possible redundancies in different areas andmunicipalities. Table 4.5 shows
the approximate number of owners calculated by Carrión. Consequently, it classifies
Table 4.4 Distribution of registered wealth (taxable income) of farms (plots) in 1930
Pesetas % Owners % Pts/owner
Up to 10 ha 361,221,300 51.66 10,016,115 98.06 36.1
From 10 to 100 ha 134,484,324 19.24 169,472 1.66 793.5
From 100 to 250 ha 58,757,117 8.40 16,305 0.16 3,603.6
More than 250 ha 144,857,076 20.71 12,467 0.12 11,619.2
Total taxable income 699,118,386 100.00 10,214,359 100.00 68.4
Source Pascual Carrión (1932 [1975], 100–101)
Table 4.5 Distribution of agricultural wealth among owners in 1930
Pesetas % Owners % Pts/owner
Small owners [>1000 pts] 228,431,436 32.68 1,699,585 94.94 134.4
Medium owners [1000–5000 pts] 176,711,520 25.28 73.092 4.09 2,417.7
Large owners[+5000 pts] 294,028,428 42.06 17.349 0.97 16,947.9
Total 699,118,386 100.0 1,790,026 100.0 390.6
Source Pascual Carrión (1932 [1975], 112–113)
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the cadastral plots according to their owners. As mentioned, the table does not reflect
the real number of leasing and sharecropping cases, so theremust have been a smaller
number of large farms and a higher number of small and medium farms.
A total of 98.06% of owners had plots under 10 hectares that generated barely
more than half the taxable income. Average income per plot and owner was just over
36 pesetas, not including labor costs that counted as income for most farmers. Either
way, we can assume that many small plots were grouped into larger farms via leases
or other transfer agreements, given that 77.67% of them were below one hectare and
96% below five hectares.
Nevertheless,Carrión’s data gives an idea of land access inequality and the unequal
distribution of agricultural activity income. The data also confirms the overwhelming
weight of small properties and dependence on work on self-owned farms or work
for others. We can logically assume that the vast majority of these small landowners
sought to maximize agricultural income either by specializing their production in
more easily marketable crops or by intensifying the production of subsistence crops.
Based on the data in Table 4.3, they succeeded. Both strategies have been observed
among small farmers in the region of the Vega de Granada. At the turn of the century,
they adopted beet crops and were the first to use chemical fertilizers (González de
Molina and Guzmán Casado 2006); they have also been observed among a large part
of small farmers, who turned to cultivating olive groves in Andalusia and managed
them more intensively (Infante-Amate 2014).
For their part, employees, threatened by seasonal unemployment and the lack of
alternative employment outside the sector, developed strategies to strengthen their
role in the labor market. They found ways to receive better salaries and working
conditions by constituting local unions at first, and later, by becoming members of
national unions (CNT and UGT ), or even political parties such as the PSOE and
some republican groups. This resulted in notable increases in peasant protests that
became especially intense during the so-called Bolshevik Triennium (1918–1920).
Since then, an increasing number of agricultural conflicts were resolved through
collective bargaining accompanied by wage increases. Interested readers may find a
detailed description of this process in our research (Acosta et al. 2009) on the origins
of the National Federation of Land Workers (Federación Nacional de Trabajadores
de la Tierra). This pressure strategy and union mobilization of rural workers resulted
in wage increases (Graph 4.3).
The specialization and intensification strategy came to be shared by farmers who
depended on external labor. During the crisis at the end of the century, when agricul-
tural prices were low, wages were relatively low and there were structural shortages
of fertilizers (most of them were still organic), the most logical strategy was to
replace soil fertility within the farm, without using external fertilizers. This meant
extensifying production, while reducing labor and fertilization costs. This extensifi-
cation strategy explains the rise in unemployment during those years and the early
twentieth century’s fierce social crisis (Acosta et al. 2009). The doctoral thesis by
Inmaculada Villa (2017) regardingMontefrío (Granada), an inland Andalusian town,
shows that this strategy was followed by medium and large landowners. Protests for
more work and better wages were repressed by authorities almost throughout Spain:














































Graph 4.3 Index of real average wages of agricultural workers (men) 1900= 100. SourceCarreras
and Tafunell (2005). Deflated by the CPI prepared by Maluquer (2013)
repression by the Spanish military police (Guardia Civil), by the army, strike bans,
restrictions of association rights, etc. Things would change during the First World
War. As described just above, wages rose to compensate for the increase in living
expenses and working conditions improved thanks to rural workers’ protests. The
rise in wages should have led to a change in the strategy by farmers hiring wage labor.
The most logical outcome would have been the substitution of labor by machines,
given the bigger weight of labor costs on income. Meanwhile, the use of chemical
fertilizers intensified. Intensification by increasing the yields per unit area, mainly
possible thanks to chemical fertilizers, became an achievable means to compensate
for the rise in labor costs. Although we cannot expect a direct correlation between
wage increases and the use of mineral fertilizers, both variables visibly followed a
similar trend during those years. In this way, practically all farmers gradually adopted
intensification and specialization strategies.
Franco’s dictatorship led to a “disorderly turnaround” back to organic agricul-
ture, that was unbalanced, notoriously inefficient and now lacking agrosilvopastoral
integration. Agricultural production dropped to levels recorded at the beginning of
the century. In a context of nutrient deficits and scant machine use, the number of
agricultural workers rose to unprecedented levels. As illustrated in Table 4.1, the
1940 active agricultural population exceeded that of 1900, accounting for over half
the workers in a country that went back to being mainly agricultural. The number
of workers reached its peak in 1950 with more than 5.2 million, i.e., 48.5% of total
workers. The active agricultural population was still above that of 1900 at the start
of the sixties, with 4.6 million individuals, 91% of whom were men. As we saw in
Chap. 2, the Civil War led to considerable damage to the work animals and con-
siderable efforts were necessary in the following years for its recovery. The lack of
animal traction had to be compensated by greater use of human labor, subject to an
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almost punitive regime of labor relations and low wages (Naredo and Sumpsi 1984).
Agricultural worker income followed the same trend, almost reverting, as shown in
Table 4.3, to values at the turn of the century. Extensification and the punitive labor
regime did not allow for input-based intensification to take place.
4.3 An Estimate of the Agricultural Sector’s
Macromagnitudes (1950–2008)
To compile farmers’ incomes since the 1950s, we dispose of the Sector’s Accounts
included in the National Accounts. Despite this, the task was challenging given the
variations in information quality, included items and the distribution of economic sec-
tors throughout the period. The main problem is the lack of a consistent series. We
dispose of three large accounting models with notable variations. Between 1950 and
1989, agricultural macromagnitudes were published in accordance with the FAO’s
methodology, which integrates agriculture, livestock and forestry accounts. With
Spain’s incorporation into the EU, there were changes and the SEC 79 Eurostat
methodologies were adopted to draw up national accounts. The Agrarian Statistics
Yearbooks (Anuarios de Estadística Agraria) include the 1986–1996 series based on
this methodology. The White Paper on Agriculture and Rural Development (Libro
Blanco de laAgricultura y elDesarrolloRural,MAPA2003) published the retrospec-
tive series between 1974 and 2000 for theAgrarianBranch based on thismethodology
only. A final conceptual change occurred with the SEC 1995 methodology, still in
use today that makes considerable changes to national accounting (Maluquer 2009a).
As mentioned, the FAO series includes agricultural, livestock, and forestry produc-
tion, while the latter methodology separates forestry accounts (also published only
until 2003). But the changes are not only conceptual, since agricultural production
and income values are greater based on the SEC 95 methodology than on the two
previous methodologies for years where matching figures can be found.
To solve the problem, we chose to build a uniform series on agricultural produc-
tion, intermediate consumption and income using the retropolation technique from
the SEC 95 series up until the two former series.3 Given that the series is meant to
provide approximate total monetary flows, we also included silvicultural production
data. As information is lacking for this field since 2004, we assumed that the same
percentage weight of the 1999–2003 average had been maintained in the 2004–2008
period.4 The series offers the results both in current prices and in real values. To
deflate the production series, the farmers’ price index (available since 1953 in the
3This technique takes into account that new accounts incorporate items not included in previous ones
and, therefore, maintains older series trends by increasing the size. We are aware of the limitations,
but it is the only possible solution given the current information we dispose of. The problems and
advantages of different linking alternatives are discussed in Maluquer (2009a, b) and Prados de la
Escosura (2009).
4The forestry sector’s contribution is not very significant anyway: 2.4% of production, 0.8% of
Intermediate Consumption and 3.6% of income.
4.3 An Estimate of the Agricultural Sector’s Macromagnitudes (1950–2008) 119
Agricultural Statistics Yearbooks) was used. The index of prices paid by farmers
(available from the same source since 1957) was used for the intermediate consump-
tion series and the Consumer Price Index (CPI) (found in Maluquer 2013) was used
for agricultural income. Costs of hired labor were deducted from agricultural income
to obtain farmers’ income, which we consider a proxy of Farm Family Income. Thus,
farmers’ income enables us to analyze the evolution of their purchasing power. We
will compare this latter purchasing power with the evolution of household expen-
diture in the following section. However, agricultural income is not necessarily the
only type of income perceived by agricultural households. It is well known that over
the last decades, unemployment insurance, pensions, and other public transfers have
represented a significant source of income, added to income from other gainful activ-
ities. Either way, we assumed that the amount of income derived from agricultural
activity largely explained farmers’ production decisions.
Agriculture’s confirmed loss of relative weight in the economy is not the end of
the story. Over the last decades, the exchange ratio between agriculture and the rest
of the economy has steadily declined, partly explaining agriculture’s falling relative
weight. Thisweight decline has led to a lopsided relationship that affects agriculture’s
economic viability and is one explanatory factor of its industrialization process. The
best demonstration of this is the relationship between price indices. Graph 4.4 shows
the evolution of the ratio between the prices received by farmers and the CPI on
the one hand and between the prices received by farmers and the prices paid on the
other. The figures show a regular decline in the received price/CPI ratio throughout
the study period, with significant repercussions, as we will see later, on the evolution
of farm income. Certain events had particularly strong impacts. For example, in the
















































Received/ paid Received/ CPI
Graph 4.4 Relationship between price indices, “received”, “paid” and “Consumer Price Index
(CPI)”. Source Agricultural Statistics Yearbooks and Maluquer 2013
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terms of trade ceased to deteriorate between 1980 and 1983 and from 2007 onwards
due to the effects of the crisis. The evolution of the ratio between prices received
and prices paid was much more affected by the evolution of some basic products
prices such as oil, but two distinct periods can be distinguished. The first period,
between 1957 and 1978, shows a favorable trend for farmers, somewhat tinged by
the oil crisis. This fact is striking since it coincides precisely with the acceleration
period of agriculture’s industrialization. However, as from the so-called Moncloa
Pacts (1977) between the Government, employers’ associations and trade unions,
the trend reversed and the terms of trade between agricultural products and input
prices became negative. The decline accelerated from the mid-nineties, especially
since 2007 and constitutes a major mechanism of transfer of agricultural income to
other economic sectors, accentuated by the increase in absolute terms of input use
(Graph 4.6).
Main agricultural production trends, both in monetary and physical values,
have been described in Chap. 2. Graph 4.5 summarizes Agricultural Production
trends both in current values and in real terms. In both cases, growth has been
notable, with annual cumulative growth rates of 8.4% in current values and 2.8% in
constant values. Either way, we can confirm that production stagnated in our cen-
tury. In Chap. 2 we showed how a large share of this growth was explained by the
concentration of production in marketable biomass and not by the limited growth of
net primary productivity per hectare.
Agricultural production growth was accompanied by ever greater reliance on
external inputs, as seen in Chap. 3. Agriculture’s intermediate consumption grew
much more intensely (Graph 4.6), with annual cumulative growth rates of 10.8% in
current values and 4.7% in constant values. But several phases can be clearly dis-
tinguished even during the period of almost constant growth until the beginning of






























































Graph 4.5 Agricultural production. Source Agricultural Statistics Yearbooks (see justification in
the text)





















































































































Graph 4.6 Evolution of intermediate consumption, millions of year 2000 euros (a) and in percent-
age of Final Agricultural Production (b) Source Agricultural Statistics Yearbooks (see justification
in the text)
alization process, until 1978 (annual growth rate of 9.6%); a phase of much more
moderate growth until 1993 (0.89% per annum) coinciding with Spain’s accession
process to the EU; and a short period of 4.4% annual growth from 1993 until the
turn of the century. To finish, intermediate consumption began to drop in real terms
since the year 2000.
Despite recent drops in intermediate consumption, after 2010, price dynamics have
prevented this trend from being beneficial for farmers. Farmers have been forced
to continue to dedicate an increasing share of their agricultural production value
to covering intermediate consumption, notably affecting their income. Graph 4.6
shows the production percentage represented by expenditure outside the sector in
constant and current values. These two indicators express different meanings. The
first indicator (when deflating the production series with the received prices and
122 4 Decreasing Income and Reproductive …
intermediate consumption with the prices paid) measures the variation in external
input requirements per unit of output. In this sense, the evolution corresponds to the
trend commented above. During the agricultural industrialization period, intermedi-
ate consumption reached 40% of production, and has remained close to that figure
ever since. The percentage between intermediate consumption (hereon IC) and Final
Agricultural Production (hereon FACP) in current values measures the production
share that farmers dedicated to paying for intermediate consumption. This indicator
is strongly dependent on price dynamics; it is much better suited to explain agri-
cultural income dynamics and reveals a somewhat different evolution. Until 1981,
the percentages were lower than in constant values (not exceeding 35%), because of
farmers’ favorable price ratio as mentioned earlier, although from that date onwards
it stabilizes, growing strongly at the turn of the century until reaching 44.3% in 2008.
The sharp rise in prices paid in the first years of the twenty-first century has meant
that farmers have had to allocate an increasing part of their production to satisfy
inputs needs from outside the sector.
Intermediate consumption growth is traditionally considered as a positive indica-
tor of agricultural activity’s integration in global economic activity, or as an indicator
of technification (MAPA 2003). Undoubtedly a second reading is, however, possible,
such as the one adopted in this book. And it is rather less rosy. The use of inputs has
increased IC costs, pushing agricultural farms to compensate for this growth with
more production or greater production specialization in a vicious circle, relying ever
more on markets. This explains why, despite the relative production extensification
and recent abandonment of “marginal” lands as described above, biomass extracted
for commercial purposes has increased in cultivated lands. Generally, intermediate
expenditure growth has only reflected a significant rise in non-renewable energy
inputs, as well as increasing prices and negative environmental impacts as high-
lighted in Chap. 3. Similarly, from an economic viewpoint, IC growth has contributed
to making agricultural activity ever less viable, by notably affecting the dynamics of
agricultural income and the deterioration of terms of trade between farmers and the
economy as a whole.
These conditions can be observed in agricultural income dynamics, reflected in
Graph 4.7, both in absolute terms as well as per active and employed individual.
Agricultural income in current euros shows constant growth until the turn of the
century. However, in absolute terms and in constant year 2000 euros, two periods
can be distinguished. A first period of growth, from 1950 to 1963, largely reflects
the recovery from the depression caused by the Civil War and autarchy, as observed
in the economy as a whole (Maluquer 2016; Prados de la Escosura 2017). But as of
that date, agricultural income declined heavily and steadily, by 43% over the whole
study period. The decade between 1977 (the Moncloa Pacts) and the entry of Spain
into the European Union was particularly significant: income fell by 31% in absolute
terms. As previously observed, this period also corresponded to an acceleration in
the deterioration of terms of trade.
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Graph 4.7 Income per active population member (a) and employed worker (b), in constant year
2000 euros. Source Agricultural Statistics Yearbooks (see justification in the text)
The drop has only been partly compensated by two other mechanisms. To start
with, the fall was softened by the rising impact of operating subsidies that grew since
Spain joined the EU to around 20% of the total income value (Graph 4.8). But the
main compensation factor was the destruction of employment (partly linked, in turn,
to the loss of farms) and the abandonment of agricultural activity that allowed not only
to maintain income but to increase it per working population or employed worker
until early this century. This increase, as indicated in theWhite Paper on Agriculture
(MAPA 2003), has been above the EU average. Though the phenomenon could be
read positively based on a strictly conventional analysis of the economy, it has led
to negative consequences described earlier: land abandonment, rural depopulation,






































































% Subsidies / agrarian income
Graph 4.8 Share of subsidies in agricultural income. SourceAgricultural Statistics Yearbooks (see
justification in the text) and MAPA (2003) (It is impossible to build a consistent series of subsidies
given the enormous changes in the accounting on the types and amount of included subsidies. We
took (for indicative purposes) the longest uniform series of subsidies offered by the white paper on
Spanish agriculture. (MAPA, 2003).
deagrarization, etc. Furthermore, in the context of the economic crisis, agriculture
has done little to alleviate the effects of the unemployment crisis, as we will see in
the following sections.
4.4 The Agricultural Population and Changing Living
Standards
In this section, we examine the transformations in agricultural households’ living
standards. Agricultural households have shared, alongwith Spaniards and Europeans
generally, considerable increases in living costs throughout the twentieth century,
which have lasted to this day. As the metabolic profile of contemporary societies has
increased, exosomatic consumption of energy and materials has become greater and
its monetary cost has risen. Spain went from consuming 4.1 tons of materials per
capita in 1950 to consuming 16.3 tons in the year 2000, a four-fold increase (Infante
et al. 2015). Biomass represented 73% of materials in the fifties dropping to 19% in
the year 2000. The growth rate has been slower than in central and western European
countries, but in recent years a remarkable convergence has taken place, reaching
an approximate EU-28 average of 15.6 t/cap in the year 2000.5 This progressive
increase in the reproduction costs of agricultural households is highly relevant to our
research.
5Eurostat, consulted on 20 May 2018.
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We dispose of sufficient information for the sixties onwards on the evolution of
living costs, included in the Household Budget Surveys (Encuestas de Presupuestos
Familiares, EPF) conducted and published by Spain’s National Institute of Statistics
(INE). As widely known, the surveys began to be designed in the fifties, following an
unsuccessful attempt at the start of the previous decade.Thefirst surveywaspublished
in 1958. By studying and homogenizing the data, we were able to reconstruct the
evolution of Spanish households’ average expenditure, both nationwide and for urban
and rural areas. The panorama is that indeed, household expenditure has been on the
rise ever since. Spanish households’ average expenditure grew throughout the whole
period, except in the years 1973/74/80/81 and 1990/1991–1996, during which a
slight drop can be observed due to economic crises in those years. Growth took place
despite a steady decline in average household size, which went from just over 4.5
members in 1958 to 2.6 in 2008 (Graph 4.9).
As shown in Graph 4.10, average household expenditure increased almost four-
fold between 1958 and 2008 in constant 2008 euros. The graph shows two periods:
the first period is one of accelerated growth and transition to mass consumption,
strongly linked to the recovery from terrible living conditions under Francoism, and
a second period of slower spending growth from the seventies onwards. This trend
was interrupted by the oil crisis and the early nineties economic crisis, as illustrated
in the graph (Graph 4.10).
Spending increases were widespread both in urban and rural areas, although
household spending in rural areas was always significantly lower than the national
average, reflecting somewhat lower living standards (Graph 4.10). The difference
between the countryside and the city was not very notable in 1958 but increased
sharply in 1964/65 and continued to do so in the following decades. It began to con-
verge again in the mid-nineties. Either way, spending differences between urban and
rural areaswere always notable: they reached a peak of 41% in 1964–5 taking average
national expenditure as a reference, and 9% in 2008, its lowest point (Graph 4.11).
Graph 4.9 Household
composition, in number of
household members. Source
Compiled by the authors
based on Household Budget
Surveys of the National
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Graph 4.10 Evolution of
average household
expenditure according to
territorial area, in thousands
of the year 2008 euros.
Source Compiled by the
authors based on the
household expenditure
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Graph 4.11 Differences in average urban, national and rural/suburban spending, in percentages.
SourceCompiled by the authors based on the household expenditure surveys of theNational Institute
of Statistics
Despite significant differences between the countryside and cities, the expenditure
structure does not greatly differ. The categorization was not maintained over time
in published Household Expenditure Surveys, as is the case for large amounts of
statistical information. This obliged us to work on homogenizing the categories
before comparing them. For the last years, the homogenization was conducted by
aggregating categories. However, for 1958, the category “General Expenditure 1958”
could not be broken down to make it comparable with the categories of the following
years, so we decided not to modify it. Thus, this broad category is the sum of the
categories “Other expenses”, “Transport and communications”, “Medical services
and health conservation”, and “Leisure, education and culture” (Graph 4.12).
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Graph 4.12 Percentage of average national household expenditure according to categories, per-
centage of the year 2008 euros. Note Other 1958 expenses include medical services, transport, and
leisure. Source Compiled by the authors based on the Household Budget Surveys of the National
Institute of Statistics (INE) The “1958 General Expenditure” category only exists for that year and
as from 1964–65 it is divided into “Other expenses”, “Leisure, Education and culture”, “Transport
and communications”, “Medical services and health”
The expenditure structure and its evolution show that the amount of money ded-
icated to food grew between 1958 and 1973–74 and then decreased until 2008 in
constant euros from that year. The amount invested in food by households went from
e5725.11 in 1958 down to e5190.08 in 2008, a drop of 10.3%. However, the series
shows an even greater percentage drop in food expenditure in relative terms, from
55.30% in 1958 to 16.37% in 2008.
Decreasing food expenditure has been common to rich Western countries and
results from the combination of two phenomena: on the one hand, the growth of
per capita income and household income, leading to bigger spending on other non-
food goods; and on the other, constant food price reductions, despite remarkable
diet shifts towards meat and dairy product intake (González de Molina et al. 2017;
Collantes 2017a, b). This cheapening of shopping baskets has, as we shall see, a
devastating impact on the agricultural sector, reducing the prices received by farmers
and agricultural income. We will also see that this economic policy was led almost
indistinctly by different governments, to lower wages and enlarge budget margins
enabling households to purchase other types of goods and services.
In contrast, the “Housing, heating and lighting” item followed an opposite trend,
from a meager 4.96% in 1958 to 27.26% in 2008. This item reflects the extent
of household expenditure on housing and the weight of mortgage charges during
the real estate boom. Expenditures related to “Transport and communications” and
“Other expenses”, also increased from 3.71 and 9.28%, respectively, in 1964–65,
to around 17% for both in 2008, exceeding food expenditure. “Household goods
and services” “Leisure, education and culture” and “Medical services and health
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conservation” expenses remained below 10% of household budgets, with no major
changes in the series. The behavior of education and health expenditures does not
seem a priori logical given that during these years, primary and secondary education
became universal, access to university became widespread and health turned into an
additional right. The trend can be justified by the State’s gradual provision of these
basic services, financed by taxes and proper to Welfare States. The public nature
of these services undoubtedly left more room to acquire other goods and services
(Graph 4.13).
In short, the series shows that spending on food decreased both in absolute terms
and, above all, in relative terms. At the same time, the remaining household expendi-
ture, except those dedicated to health and education, grew significantly, reflecting the
constant growth of exosomatic consumption. In this sense, Spain followed a similar
path to that of other wealthy countries, though belatedly, several decades later.
The Household Budget Surveys break down expenditure according to the house-
hold head’s professional profile, enabling to uncover the behavior of three profes-
sional categories related to the agricultural sector. As shown in Graph 4.14, house-
holds belonging to “Farms with employees” were always above the national expen-
diture average, while households belonging to “Small owners with no employees”
and “Day laborers” were below the average. The behavior of all three categories
broadly followed the same trend as the national average. It was not possible to fully
reconstruct the series due to a lack of data, therefore, we cannot ensure that this
statement is true for the entire period. However, the series shows the relative “im-
poverishment” of small landowners with no employees who almost converged with
day laborers in the mid-1990s. As we will see later (Graph 4.20), small farms paid
the price of the impoverishment. Farms below 20 ha constitute the farm-size segment
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Graph 4.13 Household expenditure by category, in 2008 euros. Other expenses for 1958 include
services, transport, and leisure. Source Compiled by the authors based on the Household Budget
Surveys of the National Institute of Statistics (INE). The “1958 General Expenditure” category
only exists for that year and is divided in 1964–65 into “Other expenses”, “Leisure, Education and
culture”, “Transport and communications”, “Medical services and health”
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Graph 4.14 Household expenditure according to households’ main breadwinner profession, in
thousands of constant year 2008 euros per year and family. Source Compiled by the authors based
on the Household Budget Surveys of the National Institute of Statistics (INE)
with that convergence process. In this sense, the CAP has not succeeded in stopping
the tendency towards small farm destructions and the abandonment of activity by
many owners.
A lack of data prevents us from analyzing the internal structure of household
spending for these three household categories throughout the study period. However,
the available data show that although there were no big differences in expenditure
structure, there were variations in total expenditure size per household, as we saw
in the previous section. The sources do offer information for the entire period on
the “day laborers” category. It shows that day laborers spent more than average on
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Graph 4.15 Household expenditure of day laborers according to expenditure categories, in 2008
euros. Other 1958 expenditures include medical services, transport and leisure
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Graph 4.16 Structure of household expenditure of day laborers according to expenditure cate-
gories, in percentages of the year 2008 euros. Other 1958 expenditures include medical services,
transport and recreation
To conclude, the expenditure of households who were dependent on agricultural
income, except, unsurprisingly, of “Farms with employees”, has consistently been
below the national average since 1958. That is, access to goods and services by the
majority of the agricultural population has been inferior to that of the rest of the
country, especially that of day laborers and small landowners with no employees.
This trend has been directly linked to agricultural activity’s low remuneration, as
studied above in the evolution of income.
4.5 The State of the Agricultural Population
What consequences have agricultural income reductions and household expenditure
increases had on the agricultural population? In recent decades, one undeniable
consequence has been the reduction of employment in the sector. Labor decline can
be observed by analyzing the evolution of both the active agricultural population,
those employed in the sector, and the number and size of farms, that is, the amount
of resources constituting the fund element. We prepared the figures on the active
population after 1950, (Table 4.6) based on the 1960 and 1970 population censuses
and the series provided by Pilar García Perea and Ramón Gómez in their work for
the Bank of Spain (García & Gómez, 1994), covering the 1964–1992 period. The
report contains employment and unemployment series based on information found
in the Active Population Survey (EPA), also published by the INE. The data from the
EPA for the periods 1987–2004 and 2002–2008 helped to complete the entire study,
allowing us to build a consistent series from 1960 to 2008. We based our series
on the homogenization work carried out by García Perea and Gómez (1994) and
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filled in the previous and subsequent years using the same methodology. This meant
reworking the series, separating male from female work, relying on the years for
which information was available, and the interpolation of values for the remaining
years. The interpolationwas performed taking into account the percentage of themale
active population with respect to total active population and the percentage of male
agricultural active population of total agricultural active population, thus obtaining
the absolute figures of the male active population as well as total male agricultural
active population. The figures for active women were obtained by deducting male
agricultural active population from total agricultural active population.
To draw up the series on the working population, we proceeded in the same way,
using the Bank of Spain’s standardized series and later filling the years with no data
until completing the series. We then distinguished male and female workers, relying
on the years for which there is sufficient information, the remaining values having
been interpolated. However, active women/working women data obtained this way
provided incoherent data for some years in which there were less active agricultural
women than female farmworkers, which is obviously impossible.We corrected these
deficiencies, recalculating the series on active women adding unemployed women
to the number of working women. The same strategy was followed to build the
agricultural unemployment series (Table 4.6).
Poor working conditions and low wages during the first decades of Franco’s era
explain the speeding up of rural flight, at a timewhen industrialization resumed in the
Basque Country and especially Catalonia. It was also influenced by the acceleration
of industrial growth in Central Europe, attracting large quantities of emigrants from
the south of the continent. It is no coincidence this coincided with the end of Spain’s
diplomatic isolation and integration into internationalmarkets. The rural population’s
shift to industry led to higher wages in the countryside and increased labor costs,
favoring the introduction of tractors, harvesters and other machines thus initiating
the mechanization of the main tasks in the field (Naredo 2004a, b). Mechanization
explains, in turn, the quick decline of the active agricultural population during the
Table 4.6 Active agricultural population (in thousands of people) and its percentage over total
active population and total population








1950 4,827.6 409.5 5,237.2 10,793.1 48.5 28,172.2 18.6
1960 4,204.9 425.4 4,630.4 11,634.2 39.8 30,776.9 15.0
1970 3,404.4 401.8 3,806.2 12,362.7 30.8 34,041.5 11.2
1981 1,818.4 454.7 2,273.2 13,320.0 17.1 37,682.3 6.0
1991 1,110.3 432.5 1,542.8 15,602.2 9.9 38,872.2 4.0
2001 833.8 342.9 1,176.7 17,814.6 6.6 40,847.3 2.9
2008 734.8 291.2 1,026.1 23,065.5 4.4 45,668.9 2.2
Source INE (*) includes the official Spanish population and immigrants
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sixties. In 1950, they represented more than 5.2 million active individuals, which
accounted for almost half of the total active population and 18.6% of the Spanish
population. In 2008, this figure came down to just over one million, barely exceeding
4% of the total active population and just over 2% of the population. The total
number of the agricultural active population in 1950 had thus been reduced to one
fifth,whereas the total active population hadmore than doubled, reducing agricultural
activity as a source of employment. In just over fifty years, agriculture switched from
providing work to almost half the active population to employing a tiny percentage,
occupying an almost marginal place. Women’s labor incorporation also took place
in the agricultural sector, despite continued employment destruction. Women who
used to represent only 8% of the active population accounted for 29.1% in 2000 and
28.4% in 2008. Women’s agricultural work, which had always existed, became a
little more visible.
Table 4.7 and Graph 4.17 show the joint evolution of the active agricultural pop-
ulation, both employed and unemployed, from 1950 to 2008. The number of active
Table 4.7 Evolution of active persons, employed, and unemployed persons in the agricultural
sector, 1950–2008 (thousands of people)
Year Active 1950 = 100 Employed % Active Unemployed % Active
1950 5237.2 100 n.d. – 52.8 1.1
1960 4630.4 82 4337.7* 100.0 45.2 0.9
1970 3806.2 73 3806.2 100.0 30.2 0.8
1980 2273.2 43 2258.5 99.3 109.0 4.8
1990 1542.8 29 1485.7 96.3 200.2 13.0
2000 1176.7 22 1012.1 86.0 216.3 18.4
2008 1026.1 19 828.2 80.7 137.7 13.4
2016 1016.8 19 774.5 76.2 242.2 23.8
Source Compiled by the authors based on sources referred to in the text
*The data corresponds to 1964. There were the same number of active individuals that year
Graph 4.17 Evolution of
the active population,
employed and unemployed
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persons is almost matched by the number of persons working until the end of the
eighties. From the early nineties onwards, the figures begin to diverge, with increas-
ing numbers of unemployed persons. The unemployment figures gathered by the
sources before 1980 doubtlessly refer to workers that were unemployed for several
months a year but received a specific amount of daily wages.
As mentioned earlier, the way in which unemployment was recorded over the last
decades does not adequately capture the seasonal and irregular nature of work, proper
to some agricultural contexts such as that of Spain’s, where labor demand is concen-
trated at specific moments of the year and leaving active persons out of work the rest
of the year. It is common for agricultural employees to enter and leave unemploy-
ment lists once or several times during the year. The extent of this phenomenon has
undoubtedly dropped in recent years due to the sector’s drastic reductions in employ-
ment offers and because of unemployment benefits, which sometimes provide amore
stable income than the job market itself.
According to the trend reflected in the graph and table, two distinct periods can
be distinguished: a first period, from 1950 to 1980, is characterized by a narrow rela-
tionship between active and employed persons, with very low unemployment rates of
around 1%, that arewell under the rates considered as full employment rates; a second
period from 1980 to 2008 is characterized by an increase in agricultural unemploy-
ment, that is moderate at first and then goes on to reach nearly 20% in year 2000.
The Spanish economy’s turnarounds and the rate of agricultural industrialization
explain that the active and employed agricultural population dropped equally over
the first period; therefore, agricultural unemployment (excluding seasonal unem-
ployment) was practically non-existent. In a context in which industry and services’
labor demand stimulated migrations from the countryside to cities, mechanization
was the logical response to the rise in labor costs, especially for medium and large
farms. Yet both processes did not necessarily evolve at the same speed. A feedback
mechanism had to be established in which emigration made salaries more expensive,
encouraged mechanization and decreased labor demand. Surplus workers chose to
emigrate,making salaries evenmore expensive and encouragingmechanization. This
mechanism kept agricultural unemployment down and continued to work as long as
labor continued to be demanded by industry and services.
However, with the Political Transition and the establishment of the democratic
regime, the effects of the 1973 oil crisis and subsequent industrial restructuring all led
to increasing unemployment rates. According to the data of the EPA, unemployment
rose above 10% in the early eighties and reached 25% in the mid-nineties, after a
brief slow-down. Emigrating to cities in search of stable employment was no longer
a solution. The destruction of employment in agriculture, resulting as we have seen
from mechanization, accelerated and raised unemployment rates in the agricultural
sector above 4%. That rate was exceeded in 1980 and would not stop increasing
in subsequent years. The unemployment rate went from 5.6% in 1981, to 12% in
1990, to 17.6% in the year 2000 and exceeded 20% in 2010. Currently (2016) the
agricultural unemployment rate is around 23.8%, after having exceeded 26% in
2014. The shortage of alternative jobs has aggravated unemployment, but this does
not explain why it has continued to rise since the early seventies and especially since
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the eighties. The rate has been rising year after year (except during the three years
between 2005 and 2007), reaching a peak in 2014. This means that unemployment
in the sector is structural. As we will see in later sections, the reduction of labor costs
has constituted the most widespread strategy to compensate continued reductions in
farm income in real terms. In fact, labor costs accounted for 60.4% in 1964–5 and
31.9% in 2008, i.e., practically half. In other words, income increase per worker has
come at the expense of employment. The intensity of this increase, as we will see
below, jeopardizes the sector’s generational replacement.
4.6 Changes in Farm Structures
The transformations described in the previous sections were correlated with farm
structures. Their evolution can be reconstructed from two main sources: the “Agrar-
ian Censuses” (1962, 1972, 1982, 1989, 1999, 2009) and the “Surveys on the Struc-
ture of Agricultural Holdings” (between 1987 and 2016). It is not possible, however,
to build a consistent series using both sources. The structures survey only includes
a very small share of the farms below one hectare, that are collected in the agricul-
tural censuses. In addition, categories and definitions vary among the different cen-
suses, especially regarding the composition of the utilized agricultural area (UAA).
Although it is possible to solve this problem and homogenize census data (López
Iglesias 2006), it is not possible with the latest agricultural census (the 2009 census),
that uses the same definition as that of the structure surveys. Therefore, it is compa-
rable with these surveys but not directly with the previous censuses. We thus dispose
of two types of different series: one based on censuses, between 1962 and 1999, and
another based on surveys as well as the latest agricultural census, between 1987 and
2016. Although they cannot be combined, they do at least show the trend followed
regarding the amount and structures of farms.
Graphs 4.18 and 4.19, respectively, show the evolution in the number of farms
and total area per farms. According to the censuses, the number of farms decreased
between 1962 and 1999 by 39%, while the average area per farm increased by 55%.
According to the structure surveys, the number of farms decreased by 48% and the
average area grew by 71%, due to a 79% increase in the UAA per farm between 1987
and 2016. The figures thus show a considerable decline in the number of farms and a
parallel increase in their average size. Regardless of comparison problems between
the sources that prevent us from giving an exact figure, we can say that around
two-thirds of farms disappeared during the agricultural industrialization process.
However, the rate of decline was not constant. Several periods can be distin-
guished. Between 1962 and 1972, the number of farms dropped quite sharply
(-12.4%), and average surface areas also rose notably (16.9%), a phenomenon
undoubtedly linked to the beginning of the industrialization process and the end of
traditional organic agriculture (López Iglesias 2006). However, the rate slowed down
during subsequent intercensal periods, differing considerably from the restructuring
processes of neighboring countries (López Iglesias 2006). The number of farms
























































Graph 4.18 Number of agricultural holdings (in thousands) according to the agrarian censuses






















































Graph 4.19 Total surface area per farm, in hectares. Source Agrarian censuses and structure
surveys
decreased by 7.6% between 1972 and 1982 and by 3.8% between 1982 and 1989. It
was after Spain joined the European Union that the restructuring process accelerated
again and much more vigorously. Between 1989 and 1999, the number of farms
decreased by 21.7%. The figures provided by the structure surveys are even more
striking: between 1987 and 1997, the number of farms decreased by 32%. Regardless
of the differences between the two sources, Spain’s entry into the EU clearly had a
substantial impact, accelerating the disappearance of farms and the concentration of
land. Average surface areas grew by 48.9% between 1987 and 1997 and the UAA
per farm grew by 53.3%. Since the turn of the century, farm has continued to disap-
pear, but at a much slower pace: between 1997 and 2007 their numbers decreased
by 14.2%, while between 2007 and 2016 they dropped by 9,9% in the midst of
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the economic-financial crisis. However, a new phenomenon took place in this later
period: for the first time since Spain joined the EU, farm destruction has not been
accompanied by an increase in farm surface area. This is a particularly relevant fact,
since it implies that over 3 million hectares disappeared from farm surveys between
2007 and 2016 due to cessation of activity and, most likely, land abandonment.6
As mentioned, the decline in the number of farms came with an increase in the
average size of remaining farms. Graph 4.20 shows the evolution of the number
of farms according to strata from the structure surveys. Findings by López Iglesias
(2006) regarding the previous period are confirmed by agrarian censuses for the
1987–2016 period. Although the number of farms decreased in all strata between
1987 and 2016 (with the exception of the upper stratumof farms equal to or above 100
hectares), smaller farms experienced themost difficulties in adapting to the industrial
agricultural model. Farms under 10 hectares decreased by more than 50%; farms
between 10 to 20 hectares dropped by 40% and farms between 20 and 30 hectares
by 26%. Larger farms adapted much better to the process of industrialization. Since
2007, farms over 30 hectares have not even experienced any drop in their number.
For many economists, the disappearance of countless farms has been the result
of a process of “classical structural adjustment” (Arnalte and López Iglesias 2002;
Arnalte 2006b), a logical result of the sector’s own industrialization. Its consequences
are valued positively insofar as it has allowed to strengthen a smaller number of
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Graph 4.20 Evolution of the number of farms per size strata in hectares. SourceAgrarian censuses
and structure surveys
6Land abandonment also took place in previous years, although it is impossible to specify its rate
or size due to the impossibility of comparing censuses and surveys, or even censuses from 1999
and 2009). The data from the censuses show relative stability of surface area surveyed between
1962 and 1982 (which even increased between 1962 and 1972) and a drop of more than 2 million
hectares between 1982 and 1999. The drop in registered surface area in this period did not prevent
average farm size from increasing considerably anyway.
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since, according to the same argument, larger farms could provide environmental
services at a lower cost. In contrast, other authors present a darker picture, considering
that the disappearance of farms has negative social and environmental consequences,
given that farms’ purposes go beyond purely economic interests (Arnalte 2006a).
Nonetheless, these authors do not question either whether adjustments are inevitable.
It is, of course, debatable whether the adjustment is economically positive. In no way
is it positive from the point of view of farmers themselves. Nor from the perspective
of a functioning agricultural market model that differs from the prevailing model, in
which income from the agricultural sector is continually transferred to other sectors
of activity. This transfer is encouraged by the idea that agricultural policy should aim
at ensuring cheap food in order to lower living costs.
Farm destruction and activity abandonment also explain that leasing spread as
a mechanism for land mobility (López Iglesias 2006) and the rise of commercial
companies. As we will see below, demographic aspects (average age of farm owners)
as well as production aspects (work on the farm) must also be taken into account to
understand these dynamics and future prospects. The data in Table 4.8 shows the link
between farm destruction, which accelerated between 1989 and 1999 as we saw, and
the rise of land leasing. The structure surveys show the same relationship, although
in this case (Table 4.9), growth is especially visible from 1997 onwards.
López Iglesias (2006) pointed out that the spread of lease over the 1989–1999
period was not only linked to the resizing of farms, but to other related processes such
as the rising number of agricultural holdings managed by trading companies. This
trend is confirmed for the 1993–2016 period (Table 4.10). Although the type of farm
that grew the most was the production cooperative (by 204%), its relative weight is
still very small (2.4% of total UAA). Trading companies expanded considerably (by
51% between 1993 and 2016), going from 7.1% of the total at the beginning of the
period to 11.5% of UAA in 2016. During that phase, the farms’ restructuring process
largely consisted of companies penetrating in agricultural production activities.
Farms owned and managed by physical persons decreased for all age brackets
since 1987 (Graph 4.21), but the drop was especially significant and fast in holders
aged under 35 (−65%), while that of holders aged over 65 decreased much less
(−21.4%). This phenomenon shows that the land’s production management model
was beginning to change: it followed traditional patterns in higher age segments and
Table 4.8 Evolution of the Utilized Agricultural Area (UAA) by land tenure regimes according to
the Agrarian Censuses (thousands of ha)
1982 1989 1999
Property 16,836 17,929 17,632
Lease 4,826 4,901 7,073
Sharecropping 1,285 1,175 787
Others 725 735 824
Total 23,672 24,741 26,317
Source López Iglesias (2006)
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Table 4.10 Evolution of the Utilized Agricultural Area (UAA) according to legal personality
(thousands of ha)
1993 1995 2003 2005 2007 2013 2016
Physical person 18,849 18,679 17,444 17,114 16,980 16,212 16,106
Commercial society 1,766 2,031 2,239 2,322 2,451 2,591 2,662
Public entity 2,112 2,201 2,419 2,416 2,299 1,641 1,474
Production cooperative 183 169 211 230 260 580 557



















1987 1993 1995 1997 2003 2005 2007 2013 2016
Graph 4.21 Age of farm holders, number of holders. Source Farm structure surveys
vice versa. As a result, demographic and production factors explain the changes in
land tenure regimes and farm legal personalities, amid the disappearance of a large
part of farms due to the cessation of activity.
In this respect, the aging of farmers is taking on worrying proportions and calling
into question both the agricultural character of households and the survival of farms.
Indeed, the classification of farmers according to age groups shows a very significant
trend towards aging, clearly reflecting a lack of generational change. The model has
shifted from a productionmodel mainly supported by owners aged 45–64 years (56%
in 1987) to a model in which up to 40% of the owners are over 65 years. This leads us
to question the future of countless farms, and all the more so if one takes into account
the ever declining weight of owners aged under 44 years, and especially those under
35 years.
140 4 Decreasing Income and Reproductive …
The evolution of farmwork (measured in annualworking units,AWUs) also points
in the same direction. The number of AWUs on farms decreased by 50.7% between
1987 and 2016, over three different periods: between 1987 and 1997, AWUs fell by
32.4%; between 1997 and 2007, the rate of decline was much slower (11.9%); and
between 2007 and 2016 (17.2%), it accelerated again. This trend is consistent with
figures on the evolution of the active agricultural population and income evolution
described above. The data in Graph 4.20 indicate that the reduction concentrated
on household work (−44%). Conversely, fix paid work grew by 67% and casual
employment decreased by 11%. The growing trend in fix paid work is consistent
with the changes regarding the legal personality of holdings described above and,
especially with the spread of commercial companies.
The data shown in graph 4.22 generally shows that not only did totalwork on farms
decrease, since many farms shut down, but the amount of work performed within
surviving farms also dropped. This confirms that farmers’ most common strategy
to compensate drops in agricultural income has been work reduction. The graph
also shows that employment was destroyed mainly within the household context and
to a much lesser extent in casual employment. This phenomenon faithfully reflects
households’ progressive deagrarization, as they seek employment for their members,
especially for their children, in other economic activities (Collantes 2007). Finally,
fix paid work grow this related to the increase in the average size of farms, which
are now more intensive than in the past and therefore require more constant use of
labor; but it is also linked to the proliferation of trading companies that manage them
and the emergence of companies dedicated to land management and the provision
of agricultural services for others. This latter model, usually of a trading society
nature, is ever more widespread due to cessations of activity, but also because of the











































































































1987 1993 1995 1997 2003 2005 2007 2013 2016
Graph 4.22 Number of farm Annual Working Units (AWUs.) Source Farm structure surveys
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4.7 Breakdown of Agricultural Income and Coverage
of Household Expenditure
Table 4.11 shows income broken down into remuneration of employees, net operating
surplus and business income, which is equal to the net surplus minus the amounts
paid by farms for rent, interest and indirect taxes. A similar evolution is found all
around, except for business income that grew less, due to farms having to face bigger
financial payments than in the past. Current values were used. However, agricultural
income has been falling in constant values relatively sharply since the early sixties
and this drop has becomemore significant in recent years. Almost half of agricultural
income’s real value has been lost since then.
Household expenditure, however, has followed an opposite trend and has risen
steadily. This has been possible because of the reduction in number of farm work-
ers, leading to growing income per person. Nonetheless, we need to know to what
extent the growth of income per employed person has succeeded in covering average
household expenditure. Table 4.12 compares the income per employed person, total
income per agricultural worker and entrepreneurial income (the income perceived by
farm owners) with the evolution of average Spanish expenditure from 1964 to 2008
and rural expenditure, referred to as “suburban” by the Household Budget Surveys.
We only took into account the years for which we dispose of the surveys. Agri-
cultural income, remuneration per agricultural worker and entrepreneurial income
show income per farm owner or per employed person, while average expenditure is
per household. They are not, therefore, strictly comparable. However, and with due
caution, both variables allow us to apprehend the capacity of agricultural income to
cover Spanish household average expenditure.
The data in Table 4.12 suggest there were two different periods. A first period,
from the mid-sixties to the mid-nineties, in which income received by farmers and
agricultural workerswas clearly insufficient to cover household expenditure, whether
in terms of national average or rural average. This largely explains differences in
living standards between rural and urban spheres that were particularly significant
during those years. A second period started in the mid-nineties, in which income
from agricultural activity grew above household spending, but only thanks to the
destruction of employment and the cessation of activity of many farms, as we will
see below. Itwas not that agricultural incomes improved: they continued to deteriorate
in constant terms but were distributed among fewer farmers and agricultural workers.
In short, in the early sixties, agricultural activity allowed to cover the household
expenditure of the owner of an average farm. However, the steady drop in income
and increases in average household spending significantly harmed farmers’ living
standards until the mid-1990s. Most farmers were able to cope by increasing pro-
duction and reducing costs. The technologies associated with the industrialization
of agriculture—fertilizers, phytosanitary products, improved and hybrid seeds, irri-
gation and mechanization—made it possible to increase productivity, even in very
small farms. To the extent that increases in land productivity made it very difficult to
save on inputs, the strategy of labor cost reduction became widespread. Indeed, the

























































































































































































































































































































































































































































































































































































































































































































































































144 4 Decreasing Income and Reproductive …
weight of wages on agricultural income declined steadily throughout the period, rep-
resenting 60% in 1964–5 and 31.9% in 2008. However, income did not even become
high enough to cover average rural household expenditure, largely because of the
increase in intermediate costs and the rapid growth of household spending.
Possibilities of raising productivity through greater use of inputs or replacing
labor with machines, however, were diminishing, especially in inland Spain. The
conversion of rainfed lands into irrigated lands became increasingly difficult and
only viable in traditional areas thanks to irrigation modernization programs. The use
of chemical fertilizers reached a peak in the late nineties and the use of energy in
mechanical traction would only recover early-nineties levels in 2008. Technologies
that had led the industrialization of Spanish agriculture were of decreasing utility,
especially for farms with low yields that could barely achieve higher incomes by
incorporating inputs aimed at greater production. The most widespread strategy con-
tinued to be that of increasing labor productivity and farm size, but this strategy
was beyond the reach of many farmers, leading to cessations of activity as well as
farmland and pasture abandonment. This, in turn, explains employment destruction
and the disappearance of countless farms in recent years, as described in the previous
section. This job destruction has been taking place in a different context since the
nineties: it is no longer possible to relocate agricultural labor surplus in industry,
construction or services. Therefore, agricultural unemployment has begun to grow
strong.
Employment and farm destruction are thus insufficient to reverse falling income,
that has structural causes as we have seen. “Classical structural adjustment” has
only alleviated the decline; but we cannot truly speak of a structural adjustment as it
could be never-ending if no changes are made to current institutional arrangements.
Current arrangements maintain an unbalanced relationship between prices received
and prices paid aswell as constantly declining income. In other words, decent income
is only being achieved by suppressing jobs and farms, i.e., through the sector’s self-
destruction.
Moreover, agricultural income has not been distributed evenly. Farm structures
have been and continue to be deeply unequal both in terms of size and economic
viability. Countless small farms have been unable to sustain the same consumption
standards as the rest of the population. They have implemented intensification and
specialization strategies to achieve them. However, not all farms have been capable
of applying these strategies and have ended up abandoning their activity. Data from
farm structure surveys is explicit. Between 1993 and 2007, theGrossMargin per farm
(approximately equivalent to GVA), measured in numbers of ESUs,7 increased from
7 to 20.7 (in current prices). With this margin, the possibilities of covering average
household expenditure increased (from 64 to 85%). Farms whose Gross Margin
reached amounts equal to average household expenditure also increased (from 14%
of farms in 1993 to 27% in 2007). However, half the farms with less than 6 ESUs
7ESU: European Size Units. Corresponds to 1200 e.
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disappeared. Farms above 16 ESU (e19,200) doubled and those under 40 ESUsmore
than tripled. As a result, the increase in gross operating margin came at the expense
of the disappearance of almost a quarter of farms and the average size increase of
the remaining farms. A systematic relationship between farm viability and degree of
coverage cannot be established, given that other factors linked to income from other
gainful non-agricultural activities exist. But these data show that a major share of
farms continued to be at risk of disappearing, despite this percentage having fallen
from 86% in 1993 to 81% in 2007.
Between both years, Gross Margin per farm increased by 81% in constant euros.
Farmers achieved this increase in different ways. On the one hand, by increasing the
physical size of their farms, as we saw in Graph 4.19, and on the other, by orienting
production towards higher gross margin products. Graphs 4.23 and 4.24 show the
technical-economic orientation of farms in 1987 and in 2007. They show the four
product orientations offering highest gross margins, but do not show all production
orientations. Four others have also been included: they are below the average but
have notable territorial impact. As can be observed, intensive livestock activity in
1987, based on monogastric animals, pigs and poultry, quadrupled farms’ average
gross margin. Intensive livestock thus represented the highest gross income-earning
activity. This activity was followed by various crops and horticulture, cereals and
milk cattle. At the other extreme, we find crops such as olive groves, viticulture,
fruit, and citrus. This is certainly due to the territorial weight of low-yield farms.
In 2007, this orientation had hardly changed, although livestock farms dedicated



























































Graph 4.23 Gross margin (GM) per farm according to productive orientation, year 1987, euros.
Source Farm structure surveys






























































Graph 4.24 Gross margin (GM) per farm according to productive orientation, year 2007, euros.
Source Structure surveys
reaching 6 times more income than the average. Horticultural farms come next, due
to the weight of farms under plastic, various crops, and dairy farms. Farms presenting
lowest grossmargins continued to be viticulture, fruit, citrus, andolives, accompanied
by farms dedicated to cereal production. These farms have survived only thanks
to subsidies that are now almost completely decoupled from production. They are
very dependent on the European Economic Community budget and successive CAP
reforms. Agricultural holdings of great territorial impact, located in Spain’s interior,
are still seriously at risk of disappearing if the current regulatory framework does
not change.
In 1987, granivores, various crops and horticultural production generated income
above average rural household expenditure. In 2007, production margins had risen,
matched by that of milk cattle. In short, the graphs show that gains in European
size units (ESU) were realized through a clear orientation towards production with
higher gross income, especially towards intensive livestock and crops under plastic.
It also shows that, once the possibilities of increasing labor and land productivity
diminished, the possibilities of tackling drops in prices received by farmers consisted
of livestock and horticultural specialization. Both orientations have led to growing
external inputs in energy terms, that is, they have increased the scope of Spanish
agriculture’s intensification and specialization. In the case of pork and poultry pro-
duction, high gross margins are possible thanks to massive imports of very cheap
feed based on corn and soybeans. We will come back later to this issue and the socio-
environmental impacts generated in the countries of origin. Overcoming agriculture’s
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profitability crisis has thus brought about ongoing intensification and specialization
of horticultural production and the sector’s livestocking. Both processes have accen-
tuated environmental sustainability problems analyzed in this book. Neither process
has led to solutions of social equality applicable to the whole of Spain’s rural society.
Inland extensive farms have been less likely to adopt more intensive produc-
tion techniques such as greenhouses, for which access to irrigation and high initial
investment are essential. Intensive farms have followed a similar path, although in
recent years they have been relocated inland based on vertical integration systems of
large livestock or meat distribution companies. Production alternatives to olives, fruit
trees, almond trees, and other woody crops or vineyards have been limited. However,
certified organic production has represented a solution adopted by extensive farms.
The latter have achieved income supplements thanks to agri-environmental measures
allowing them to increase the number of ESUs. Extensive cattle ranching, woody
crops and rainfed cereals are good illustrations. These types of farms accounted for
83% of areas classified as organic or reconverted as of December 31, 2008. At the
end of 2011, over half of extensive livestock (53.7%) became organically managed
in Andalusia (González de Molina 2012).
Organic agriculture has also been contributing to maintaining agricultural activity
in areas of lowly competitive conventional agriculture. Regions such as the Pedroches
Valley, the Sierra de Huelva, the Sierra de Segura, the North of the province of
Granada, etc. contain most of Andalusia’s organic surface areas. In these areas,
subsidies account for amajor percentage of operating surpluses (GuzmánCasado and
AlonsoMielgo 2009). They offset the low productivity of rainfed treenuts, olives and
cereal crops, and may even “explain” that in some cases production is not harvested.
According to a study on the economic performance of organic farms conducted in
2007 in Andalusia (Soler et al. 2009), total subsidies (those from the first pillar
plus agri-environmental subsidies) accounted for 43% of the value of final olive
production, 71%of the production of nuts and no less than twice the value of extensive
crops production. In the latter case, income was practically equal to the value of
subsidies and almost 78% in the case of nuts. Agri-environmental subsidies played
an even more decisive role in organic livestock. Subsidies amounted to 69.4% of
the 2005 production value. Without subsidies, income would have been reduced by
41%.
Organic agriculture and livestock already account for more than 2.02 Mha in
Spain, which is the first country in Europe per certified area, representing 8.7%
of the agricultural area (MAPAMA 2017a). It has halted the intensification pro-
cess, though it has not necessarily stopped the use of external inputs nor completely
reversed falling income trends. The process sometimes referred to as convention-
alization threatens to nullify the advantages of this production model, bringing it
ever closer to the conventional model (Ramos García et al. 2018). However, organic
production does represent an opportunity to stop the deterioration of agroecosystems
of inland Spain. Agri-environmental measures could be conceptualized as payments
for environmental services. This “new” form of agroecosystemmanagement is partly
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based on the rationale developed so far and has paradoxically emerged as a result of
the non-feasibility of the described model. We will come back to this issue in more
detail in the epilogue.
4.8 Conclusions
We can conclude that the processes of industrialization and subsequent globalization
have significantly decreased the weight of the agricultural population fund element
at the expense of increasing the size of the other social fund element, technical the
means of production. As we saw in Chap. 3, technical means of production have
acquired an excessive weight that threatens not only the environmental health of
agroecosystems but also the viability of agricultural activity as we know it today.
The rate of destruction of agricultural employment has reached such worrying levels,
associated with rural depopulation and the “deagrarization” of rural households, that
generational change and the viability of agricultural activity as such are at risk. This
deterioration has intensified under the “classical structural adjustment” undergone
by Spanish agriculture. The causes should be sought among the institutional mech-
anisms that have allowed agricultural sector income to be continually transferred to
other sectors. These mechanisms make adjustments inevitable and threaten to pro-
long them until the sector eventually collapses, i.e., until most agricultural holdings
disappear due to lack of profitability. Structural adjustment and its consequences do
not, therefore, appear to be conjunctural. The agricultural sector has been adapting
this way since the 1960s at least.
It is worth asking whether the destruction of jobs and farms leading to the ongo-
ing depopulation of our countryside may not, in fact, represent an obstacle to the
necessary transition towards sustainable agriculture. To answer this question, we
must challenge the prevailing evaluation narratives, and consider their relevance in
our analysis. The size of the agricultural population, closely linked to the amount of
work required in agriculture, has almost always been associated with development
levels and economic growth. The decrease in the agricultural population is viewed,
therefore, in a positive way by more conventional economists. Although it is not pos-
sible to establish this fund element’s optimal size without referring to its space-time
context, we cannot simply consider its evolution throughout the twentieth century
in Spain as positive and put an end to the discussion. The continuity of the agricul-
tural sector’s current institutional arrangement jeopardizes the future of sustainable
agriculture. It also weakens the supply of ecosystem services that are essential for
all economic activity to be sustainable, both in rural and urban areas.
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Chapter 5
Environmental Impacts of Spanish
Agriculture’s Industrialization
In this chapter, we focus on the changes to the functioning and structure of Spain’s
agroecosystem during the industrialization process in the twentieth century. Specif-
ically, we aim at showing how changes in the quantity and quality of energy and
material flows contributed to deteriorating the quality of the land fund element, that
includes soil, biodiversity, water, etc., and that supports the provision of agroecosys-
temic services, among which biomass production. The degradation of the agroe-
cosystem’s biophysical structure is reflected in the progressive decline of energy
returns in the form of biomass. We will also show how Spanish agricultural pro-
duction had direct environmental impacts in remote regions of the planet due to
the outsourcing of the land cost of food through massive imports of biomass from
these regions. The methodology used for calculations is not described in this book
but has been published in the following texts: García Ruiz et al. (2012), Soto et al.
(2016), Guzmán and González de Molina (2017), Guzmán et al. (2017), Aguilera
et al. (2018), Guzmán et al. (2018).
5.1 Functioning of the Agroecosystem
Chapter 3 showed how the intensification of Spanish agriculture was based on the
increasing use of external inputs. The external energy invested in the agroecosystem
over the 1900–1960 and 1960–2008 periods multiplied, respectively, by a factor of
3.9 and 5.5 (Graph 5.1 and Annex 3).
First, the increase of external inputs allowed to overcome limiting factors (e.g.,
nutrients, water) to some extent and ensure greater protection against heterotrophic
organisms that translated into a higher NPP (Graph 5.1). However, this growth has
been limited (10% from 1900 to 1960, and only 18% between 1960 and 2008),
implying, as we shall see, a negative return on external energy invested to achieve
this increase.
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Graph 5.1 Energy flows in
Spain’s agroecosystem in
1900, 1960 and 2008, in
petajoules
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Second, ever-increasing external inputs led to modifications in the NPP’s social
use pattern (Graph 5.2). These changes are important because as we explained in
Chaps. 1 and 2, the fundamental mechanism underlying agroecosystems is their
use of energy in the form of biomass that is recirculated and stored within them.
Graph 5.2 The evolution of NPP according to its uses in absolute terms: Spanish agroecosystem
(a), croplands (b), silvopastoral areas (c); and in relative terms: Spanish agroecosystem (d), crop-
lands (e), silvopastoral areas (f), petajoules. Note SVB Socialized Vegetal Biomass; RB Reused
Biomass; AuB Aerial unharvested Biomass; UrB Unharvested root Biomass; AB Accumulated
Biomass
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Therefore, a balance is achieved between the energy that is extracted (Socialized
Vegetal Biomass (SVB) + Reused Biomass (RB), with respect to the non-extracted
energy (Unharvested Biomass (UB) + Accumulated Biomass (AB)) that must be
respected to ensure its long-term functioning.
In terms of energy, the share of biomass extracted and not extracted fromcroplands
remained relatively constant between 1900 and 1950. Extracted biomass rose from38
to 40% and, non-extracted biomass dropped from 62 to 60% over the period (except
for 1940 when extraction fell to 35% due to the Civil War) (Graph 5.2b and e). In
pasturelands, the tendency was similar. Between 1900 and 1950, extracted biomass
increased from 15% in the first decades to 18% in the 1930–50 period (Graph 5.2c
and f).
As from the 1950s, massive incorporations of external energy reinforced the pro-
cess of substitution of internal flows, though differently in croplands and silvopastoral
areas. This process deteriorated, as we will show later, the quality of the agroecosys-
tem land fund element. Between 1950 and 2008, changes in RB were driven by big
increases in livestock, mainly in monogastric animals (pigs and poultry), and the
shift from extensive to intensive management (see Chap. 2 for more details). This
profound change in the composition and management of livestock would not have
been possible without massive imports of feed (mainly soybean and corn), that is
difficult to produce in Spain for agroclimatic and economic reasons. As a result,
pastures were partially abandoned. Meanwhile, increasing amounts of high-quality
biomass (grains and fodder) from croplands were dedicated to livestock. In these
lands, RB went from 25% of NPP in 1950, to 40% in 2008 in terms of energy. Mean-
while, in silvopastoral areas, it fell from 12 to 4% (Graph 5.2e and f). These land-use
imbalances (intensification of agricultural land use and abandonment of pastures)
also occurred in the interior’s croplands. Cultivation areas were reduced during this
period mainly because of the abandonment of non-irrigated lands that responded
poorly to external inputs. Changes in the social use pattern of biomass were also
visible mainly in the 80s and 90s through increasing practices of burning of straw
and other crop residues that was no longer used to feed livestock.
Conversely, a smaller share of biomass was abandoned on croplands. UB went
from 57% of NPP to 38% (Graph 5.2e), a clear sign that soil fertility had become
reliant onmineral fertilizers, to the detriment of organic matter. The use of herbicides
also explains this relative fall. In silvopastoral areas, however, UB and AB increased
by 6 and 5 percentage points, respectively, as a result of abandonment (Graph 5.2f).
As a result of the processes mentioned above, in terms of energy, Socialized
biomass (SB) grew by 5.5% between 1900 and 1950, SVB accounted for an increase
of 4.4% and Socialized Animal Biomass (SAB) an increase of 54.1%. Subsequently,
SB growth accelerated, increasing by 41.5% between 1950 and 2008, mainly boosted
by a SAB increase of 636%. The SVB grew barely by 21% over the period, as a
result of a 75% increase in the crops SVB and a 26% drop in woodland SVB. The
latter decline was due to the replacement of firewood by fossil fuels in households.
The increase in cultivated land SVB (75%) was higher than that recorded for those
lands’ NPP (43%) (Guzmán et al. 2017). The increase in the harvest share of cereal
varieties introducedby theGreenRevolution contributed to the disparity, significantly
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increasing grain yields without any major changes to total aerial biomass (Austin
et al. 1980; Vita et al. 2007; Sánchez García et al. 2013). The changes in the plant
biomass distribution patternwere driven by the loss of agricultural residues’ functions
of feeding livestock and replacing soil fertility, in turn, caused by external energy
imports.
Third, external input imports made it possible to simplify rotations and replace
legumes, which were no longer essential for incorporating nitrogen into the agroe-
cosystem. From 1960 to 2000, the surface area devoted to legumes fell from 1.4
to 0.55 million hectares (Mha). Consequently, biological fixation N accounted for
28% of the entries in 1960, and only 11% in the year 2000 (Guzmán et al. 2018).
To summarize, the intensification of agricultural land in Spain unfolded based on
the substitution of internal energy loops (particularly through the relative decline of
UB, and the marginalization of legumes), with external energy inputs, increasing the
generated entropy and, as we will see later, degrading the land fund element and its
components.
5.2 The Energy Efficiency of Agricultural Production
The total energy consumed to sustain the functioning of agroecosystems not only
includes external flows but also the internal biomass flows that are reinvested in the
agroecosystem (unharvested biomass plus reused biomass) (Guzmán and González
de Molina 2015; Tello et al. 2016; Guzmán and González de Molina 2017). In terms
of energy, the flows necessary for the functioning of Spain’s agroecosystem rose
from 3761 PJ in 1900 to 5163 PJ in 2008 (Graph 5.1). This represents a 37.3%
increase in energy consumption. However, NPP only achieved an increase of 28.8%
(Graph 5.2). This energy return was low despite the significantly higher amount of
energy invested and also despite an increase in irrigated areas that rose from 0.8Mha
in 1900 to 3.3 Mha in 2008. Access to additional water flows is key to increas-
ing plant production in semi-arid regions such as the Mediterranean. Therefore, it
would be expected that the combined additional contributions of energy and water
would have been synergistic and increased NPP further. However, this did not occur
because the decoupling between internal energy and material flows led to the degra-
dation of the land fund element, as we will see later, resulting in a negative return
of the invested energy. We call this rate of return on energy investment NPP-EROI.
The NPP-EROI (Net Primary Productivity-Energy Return on Investment) is part of
the battery of agroecological indicators of energy efficiency (Agroecological EROIs)
that we advanced in other studies to estimate the return of energy invested by society,
in terms of biomass flows that support the agroecosystem’s fund elements. In these
texts, we defended that the indicator of energy efficiency NPP-EROI = NPP/(RB +
UB + external inputs) systematically expresses the evolution of the quality of the
agroecosystem’s fund elements, to the extent that the agroecosystem’s total biomass
production is included in the numerator—not only the production share that is of
interest to society—and all the energy consumed in the production process is present
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in the denominator. The degradation processes affecting the fund elements (e.g. salin-
ization, soil erosion, genetic erosion, etc.) must be compensated by the incorporation
of increasing amounts of energy to alleviate the agroecosystems’ loss of productive
capacity. Therefore, the negative evolution of this indicator indicates the agroecosys-
tem’s degradation (Guzmán and González de Molina 2015; Guzmán and González
de Molina 2017; Guzmán et al. 2017; Guzmán et al. 2018). In the case of Spain,
it remained stable at 1.16 between 1900 and 1960, when it began to fall gradually
reaching 1.09 in 2008 (Guzmán et al. 2017; Guzmán and González deMolina 2017).
Another interesting agroecological EROI is the so-called Biodiversity-EROI (=
UB/(RB + UB + External inputs) that defines the return on energy invested in
the agroecosystem in the form of available phytomass for wild heterotrophic species
(UB). The relationships between energy flows and biodiversity have been put forward
by ecologists, based on concrete studies that show that systems with higher amounts
of energy entering the food web can support longer food chains and, therefore,
increased biodiversity (Thompson et al. 2012). The EROI of Spanish agriculture
decreased more slowly in the first half of the century and fell more sharply in the
second half, especially as of 1970 (Guzmán et al. 2017). As we explained earlier, this
decline was encouraged by the increase in biomass extraction for human and animal
food, and by harmful practices such as the burning of crop residues and the use of
herbicides on cultivated land. If we calculate the Biodiversity-EROI exclusively for
croplands, the drop is much bigger (Graph 5.3). Therefore, the heterotrophic species
associated with agricultural areas were the first to be affected by the relative scarcity
of available phytomass. This effect has not been compensated by the abandonment
of pastures and woodlands. In summary, the agroecosystem’s dissociation between
intensive production areas and abandoned and/or protected areas (e.g., 40.5% of
total forest areas of Spain are protected, according to MAGRAMA 2014) has not
achieved a significant increase in trophic energy available for transfer from plants to
other levels in the food webs.
Graph 5.3 Biodiversity-
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According to the supporters of “land sparing” (see Phalan et al. 2011 as an exam-
ple), the intensification of agriculture based on the incorporation of external inputs
to create areas free from human intervention is an appropriate way of maintaining
biodiversity. Our results put this stance into question. Land sparing was implemented
in the second half of the twentieth century in Spain, and there seems to have been no
benefits for wildlife, as we will see later.
It is worth noting that the sharp fall in cultivated land UB also brought about a
drastic reduction in organic matter soil inputs, negatively affecting the quality of this
fund element. To evaluate these effects, we chose to use material flows, specifically
carbon, as exposed in the next section.
Lastly, we will describe the evolution of the relationship between socialized
biomass and external inputs, called “net efficiency” or “external final EROI”
(EFEROI = SB/external inputs). This ratio constitutes the most widely used energy
efficiency indicator in agricultural studies; it has the advantage of being compara-
ble with other studies, although it also has the serious drawback of considering the
agroecosystem as a black box because it does not take internal flows into account
(Guzmán and González de Molina 2015; Tello et al. 2016; Guzmán and González
de Molina 2017). Its use is, therefore, more economic than agroecological. The evo-
lution of this indicator is even more baffling. It fell from 17.3 in 1900, to 4.8 in 1960
and 1.2 in 2008 (Guzmán et al. 2017). These figures are similar to those obtained
by Carpintero and Naredo (2006) for Spanish agriculture, i.e., 6.10 in 1950–51 and
1.27 in 1999–2000.
To summarize, the energy efficiency of Spanish agriculture followed a downward
trend,with serious economic and environmental consequences: dependence on inputs
from outside the sector increased to the detriment of internal biomass flows that feed
the components of the land fund element.
5.3 State of the Components of the Land Fund Element
The changes described in the system’s functioning modify the state of the land fund
element’s components, as explained below.
5.3.1 Soil
(a) Replacement of edaphic macronutrients (N, P, and K) closing the nutrient cycle
at the agroecosystem scale
Throughout the twentieth century, changes in the amount of nutrients in the land’s
soil, resulting from the balance between inputs and outputs, followed three trends
based on an intricate set of socio-economic and political factors.
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Until 1950, the balances of N and P (inputs minus outputs) were fairly bal-
anced (from +0.23 kg N ha−1 year−1 and −0.28 kg P ha−1 year−1 in 1900, up
to 3.9 kg N ha−1 year−1 and 2.4 kg P ha−1 year−1 in 1950) in cultivated fields
(Graph 5.4). In the case of K, it was negative during the first 20 years of the twentieth
century (−0.26 kg K ha−1 year−1 on average) and was slightly positive until 1950
(1.1 kg K ha−1 year−1) (Graph 5.4). These balanced or slightly positive balances in
the mid-twentieth century became markedly positive from the 1960s, especially in
the case of nitrogen, with average annual increases of 0.79, 0.20 and 0.38 kg of N,
P and K ha−1until 2000 (Graph 5.4). In 2000, the surplus entering annually in the
fields was 40.3 kg N ha−1, 12.5 kg P ha−1 and 16.7 kg K ha−1. This value in the case
of N is lower than that provided by Leip et al. (2011) who found a positive annual
balance for N of 50 kgN ha−1 year−1 for Spain during the 2001–2003 period, slightly
lower than the European average (EU27). However, the values were similar to those
quantified for the set of herbaceous crops (39.7 kg N ha−1year−1) and woody crops
(41.1 kg N ha−1 year−1) for Spain in 2011 (MAGRAMA 2013).
The patterns of change in the nutrient balance were mainly due to changes in the
amount and input entry routes of N, P and K. During the first third of the twentieth
century, the annual rate of N, P, and K inputs increased slightly (Graph 5.5). In the
case of N, between 57.3 and 63.4% of annual inputs during this period corresponded
to natural (precipitation and fixation of atmospheric N) and recycled (crop residues)
inputs on the production site itself, while the contribution of natural and recycled
inputs of potassium was low (20.0–25.5%) or very low in the case of phosphorus
(10.3–17.7%). Manure constituted between 41.6 and 56.0% and 65.2–69.6% of the
entries of P and K, respectively. During this period, annual inputs from synthetic
fertilizers in the case of N and especially of P, as well as rising production levels led
indirectly to input increases in the form of crop residues and manure (Grap 5.5).
During the 1940s, the annual input of nutrients decreased compared to the previous
decade (Graph 5.5), mainly due to a decrease in inputs from crop residues, due, in
turn, to lower production levels associated with a decrease in N and P inputs from
synthesis fertilizers. From 1960 to 2000, annual inputs of N, P, and K, respectively,
multiplied 2.3, 2.0, and 2.25 times (Graph 5.5). This increase has been mainly due to
the increase of inputs through (i) synthetic chemical fertilizers, which in 2000 were
4.1, 2.0, and 6.0 times higher than in 1960 for N, P, and K, respectively; (ii) organic
fertilizers, which increased between 1.3 and 1.9 over the same period; and (iii) crop
residues that in 2000 were 3.8, 2.5 and 3.5 times higher than those of 1960 for N, P,
and K, respectively. Worthy of note, the annual entries of N by biological fixation in
2000 were only 7% higher than those of 1960, revealing that the agricultural model
changed from one based on inputs by biological fixation and manure to a model
relying on synthetic fertilizers.
The notable increase in N, P, and K inputs in Spanish lands, which were 4.2, 5.8,
and 3.4 times higher forN, P, andK in 2008 than in 1900, did not occur simultaneously
to outputs due to aerial biomass production. During the study period, the amount of
N, P and K in the produced biomass multiplied between 2.8 and 2.9 times, but at
different rates over the three clearly identified periods (Graph 5.6).

















































Graph 5.4 Inputs and outputs of nitrogen (a), phosphorus (b) and potassium (c) in Spanish culti-
vated lands from 1900 to 2008, in gigagrams of N, P and K. The balance is equal to the difference
between the inputs and outputs











































































































































Graph 5.5 Annual inputs of N (a), P (b) and K (c) through different entry routes in cultivated
lands over the 1900 to 2008 period in Spain, in gigagrams of N, P and K per year
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Graph 5.6 Annual outputs of N, P and K via different routes into the cultivated lands during the
1900 to 2008 period in Spain, in gigagrams of N, P and K per year
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At the end of the first third of the century, the outputs of N, P, and K were
45.2–49.2% higher than those recorded for 1900, and between 69.2% and 70.9%
corresponded, for the case ofN, to outputs in the formof aerial biomass, themain des-
tination being animal feed (Graph 5.6). Indeed, between 61.4 and 63.7%, 54.7–57.7%
and 75.7–77.5% of N, P and K produced in the cultivated lands were aimed at stock
feed. During this period, 13.6, 11.0, and 23.1% of N, P, and K were harvest residues
that remained in the field.
As in the case of inputs, there was a turning point in the 1940s when N, P and
K outputs, dropped compared to the end of the first third of the century, mainly
due to declining production (Graph 5.6). Nutrient outputs increased markedly from
the 1960s and in 2000, N, P, and K were 89.0, 74.9, and 75.2% higher than those
estimated in 1960. In 1900, the total annual outputs of N, P, and K were 26.8 kg N
ha−1, 3.05 kgPha−1and 17.7 kgKha−1,while theywere 81.9 kgNha−1, 8.3 kgPha−1
and 47.5 kg K ha−1in 2008. The productivity of N, P, and K in the form of aerial
biomass rose slightly during the first third of the century, decreased during the 40s,
and increased steadily after the 60s (Graph 5.7). In 2008, productivity had multiplied
twofold compared to 1960 and multiplied 2.68–2.77 times compared to 1900, for N,
P, and K.
The share of recycled nutrients—i.e., harvest and manure residues exclusively
from livestock feed produced in crop fields—in nutrient inputs, tended to decrease
throughout the study period (Graph 5.8). In the cases of N and P, this share decreased
at a fairly similar rate until the end of the 1950s, after which its decline accelerated
and in 2008, the recycling of N and P compared to total inputs was approximately
half that of 1900. In the case of K, there was a sharp drop from the 1970s, mainly
due to the increase in K inputs in the form of synthetic fertilizers.
During the first third of the twentieth century, annual net transfer of N, P, and K
from pastures to cultivated lands, in the form of manure that was collected while the
livestock was stabled, was more or less constant (Graph 5.9). It increased during the
1940s and part of the 1950s (Graph 5.9). From the 60s, this pattern was reversed and
Graph 5.7 Productivity in terms of N, P andK in the aerial biomass produced in Spanish cultivated
lands over the 1900 to 2008 period, in kilograms of N, P and K per hectare and per year





















































Graph 5.8 Share, out of 1, of the recycling of N, P and K of the total input in Spanish cultivated
lands over the 1900 to 2008 period
in 2008 there was a net transfer of N, P, and K from cultivated lands to pastures in
the form of excretions originating in food from the land—imported or not.
The gap in quantitative terms between total inputs and aerial biomass outputs
led to drops in the efficiency of use of N, P, and K and rising losses of N to the
atmosphere and other ecosystems with potential negative effects. The efficiency of
use of N, P, and K (NPK contained in the aerial NPP divided by the total number of
NPK inputs) shows a clear pattern related to the notable increase in nutrient inputs
via synthetic fertilizers and manure produced from imported food since the last third
of the twentieth century. The efficiencies of N use at the beginning of the twentieth
century were above 66% and dropped to 40% in 2000 (Graph 5.10). In the case of
P, the efficiency fell from 110% in 1900 to 38% in 2000, and in the case of K, that
has always been higher than N and P, it ranged between 90 and 100% during the
first half of the twentieth century, declining as of 1960 to reach 73% in 2000. For all
three macronutrients, use efficiencies increased in 2008, mainly due to a decrease in
inputs through synthetic fertilizers, despite the fact that productivity did not fall.
The decrease in N use efficiency in Spanish agricultural land took place at
the same time as the absolute losses of N and those relative to the N produced
in the aerial biomass, especially as of the 1960s. In 2000, the annual amount of
lost N (30.3 kg N ha−1 year−1 on average) was 3.7 times higher than in 1900
(8.3 kg N ha−1 year−1), although the largest annual increases were observed since
the 1960s (Graph 5.11). In 1900, 0.41 kg N was lost for each kg of N produced, and
this value increased by 59% in 2000 (0.66 kg N per kg of N produced) (Graph 5.11).
These losses of N are linked to environmental impacts that have been described
in detail (Erisman et al. 2013). The N cycle in agroecosystems has indeed many
escape routes because nitrate is a very mobile nutrient, and non-retained nitrogen
in ecosystems, mainly in the form of organic nitrogen, can be transferred to the
atmosphere, in the form of N2O, N2, and NH3 or to other aquatic and terrestrial
ecosystems in the form of nitrate, where it contributes to a large amount of adverse









































From pastures to cultivated lands





Graph 5.9 Annual transfer of N(a), P(b) and K(c) from the pastures to cultivated lands and from
the cultivated lands and imported feed through excretions over the 1900–2008 period in Spain, in
gigagrams of N, P and K per year
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Graph 5.10 Relationship between the productivity in terms of N(a), P(b), and K(c) and the annual
inputs of N, P, and K in Spanish cultivated lands. The dashed lines reflect the 100% and 50% use
efficiencies of the three macronutrients
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Graph 5.11 Annual losses of N (Gg N, in the form of N2 and N2O, volatilization of ammonium
and leaching of nitrate) and losses relative to produced N (kg N lost kg N produced−1) of crops
effects. Nitrate lost in agroecosystems can become a pollutant in surface waterways,
encouraging eutrophication processes that result in a loss of biodiversity and loss
in water quality, and in aquifers. Relatively high levels of nitrate (>25 mg NO−3
l−1) in drinking water have been linked to the incidence of colon cancer (Grizzetti
et al. 2011). Moreover, nitrate can be lost in agroecosystems in the form of N2O,
which is the third greenhouse gas and contributes to the destruction of the ozone
layer (Ravishankara et al. 2009) therefore, to climate change (Galloway et al. 2003;
Galloway et al. 2008). Finally, ammonium can be transformed into ammonia gas that,
in high concentrations, can be toxic to plants (Nordin et al. 2011) and is considered
an atmospheric pollutant (Sutton and Fowler 2002).
5.3.2 Replacement of Organic Carbon
In both ecosystems and agroecosystems, themain driver of soil organic carbon (SOC)
is the input of biomass (Aguilera et al. 2013). The fundamental difference is that in
agroecosystems, the size of this entry is conditioned by the cultivation method both
directly and indirectly. It is conditioned directly because a number of management
practices (burning waste, organic fertilization, application of herbicides, etc.) inten-
tionally modify the size of this entry; and it is conditioned indirectly because the
NPP is affected by farming methods, to the extent that they affect the state of the
fund elements and/or modify the availability of limiting factors. On the other hand,
management practices also affect SOC because of impacts on the mineralization of
organic matter, thus altering the system’s output. For example, irrigation stimulates
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microbial activity and therefore mineralization and tillage can generate a provisional
increase in mineralization, while it can also move carbon to deeper layers, where it is
more protected. Therefore, the SOC balance is the result of distinct and sometimes
opposite processes.
In the case of Spain, it is worth asking to what extent and when UB entries to the
soil have been compensated by external biomass imports. Graph 5.12 shows that in
cultivated lands, carbon inputs in the soil reached their maximum levels in the first
third of the twentieth century, after which they shrunk and reached their minimum
levels in the 1980s. A progressive recovery is currently underway related to a certain
increase in UB and the greater availability of manure due to continually expanding
livestock. The UB increase results from bigger restrictions to stubble burning and to
an increase in residue production that has accompanied the expansion of irrigation
and the drop in grazing on agricultural land over the last decade. The drop in carbon
entry during the twentieth century helps to explain why half of Spain’s agricultural
land currently has an organic carbon content of less than 1% (Rodríguez-Martín et al.
2009).
Graph 5.13 shows the stocks of equilibrium SOC in each period, after calculating
the balance between inputs and outputs. As shown, there are significant differences
in SOC stocks per hectare between the different land uses (Graph 5.13b). Therefore,
changes in the total stocks of C (Graph 5.13a) were partly due to changes in land use,
and partly due to the evolution of equilibrium C stocks for each type of land use. The
highest levels of equilibrium SOC were reached at the beginning of the twentieth
century, due, on the one hand, to relatively high levels of C inputs and, on the other,
to relatively low mineralization rates because of lower average temperatures, to still
reduced irrigated land surface areas, and to a good vegetation cover in woody crops
(Aguilera et al. 2018). The equilibrium SOC began to fall in 1920, first because of
expanding cultivated areas to the detriment of pastures, and from the 50s onwards,
due to ever more widespread burning practices, herbicides, and the reduction of
harvest indexes due to varietal changes (Graph 5.13b).
As of 1990, stocks of equilibrium SOC of agricultural lands recovered but did not
attain the levels of the early twentieth century. The slight increase is due to the increase
in C entries, described above. Despite this, the levels were below their potential
with respect to current levels of productivity and are not sufficient to maintain the
Graph 5.12 Evolution of
annual soil carbon entries in






















































































Graph 5.13 Evolution of stocks of equilibrium organic soil carbon for different land uses and for
the agroecosystem as a whole, 1900–2008, petagrams, total (a) and per hectare (b)
SOC in a context of increased mineralization because of rising average temperatures,
associated with climate change, of extensive irrigated areas, and scarce plant cover
in woody crops. The effect of climate change in recent decades has also been visible
in pastures and woodlands: while it stabilizes equilibrium levels in a context of
increased inputs in pastures, it leads to lower equilibrium SOC levels in a context of
stable inputs in woodlands (Graph 5.13b).
In terms of the stock of equilibriumSOCwith respect to the total biomass recycled
in cultivated lands (UB + RB + imported feed consumed by livestock in cultivated
lands), the evolution is markedly negative. This indicator falls from 844 g C MJ−1in
1950 to 451 g CMJ−1 in the year 2000. In other words, it is necessary to recycle 87%
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more biomass to obtain the same stock of SOC in agricultural lands. The current
biomass management strategy is clearly inadequate in relation to climate change
mitigation. Monogastric livestock, whose manure, often handled in liquid form, has
a lowC:N ratio contributes to this low efficiency, in addition to greatermineralization
due to climatic change and the expansion of irrigation.
The equilibrium SOC data presented correspond to hypothetical values and not
true estimates of actual content at a given time. We carried out these estimates for
agricultural lands in Aguilera et al. (2018), obtaining very similar values to those
estimated by Rodríguez-Martín et al. (2016) in their exhaustive study of the SOC in
Spanish soils based on fieldmeasurements.We do not dispose of any similar estimate
for pastures and woodlands, but we can use the average equilibrium SOC values over
the period studied as a guideline, i.e.,75.8 and 94.5 Mg C ha−1respectively. These
values are situated between the values reported by Rodríguez-Martín et al. (2016) of
64.1 and 69.3 respectively, and those reported by Doblas-Miranda et al. (2013), of
103.0 and 101.6, respectively.
The relatively low values in agricultural lands indicate that these soils are at a
degradation threshold (Romanyà et al. 2007; Rodríguez-Martín et al. 2016). The
increase in NPP resulting from intensification, together with massive feed imports,
could have theoretically led to a substantial increase in the return of organic carbon
to the soil, thus enabling to face increased mineralization brought about by climate
change and the spread of irrigation. However, the breakdown of the balance between
the uses of biomass and the preferential use of feed to nourish poultry and pigs
prevents this from happening.
5.3.3 Biodiversity
Non-agricultural biodiversity is another fund element to have been seriously harmed
by Spanish agriculture’s metabolic transformation. According to the “country pro-
file” developed for Spain by the “Convention on Biological Diversity”, Spanish
biodiversity has “dropped significantly” in recent decades, and 40–60% of the eval-
uated species have been included in some threatened category (CBD 2017). There
are multiple causes. According to the Evaluation of Spain’s Ecosystems of the Mil-
lennium report, the greatest threats to biodiversity include the expansion of intensive
agriculture, urbanization and habitat fragmentation caused by the increase in linear
transport infrastructures (EEME 2011, pp. 52). The Observatory on Sustainability
also establishes a strong relationship between the intensification of agriculture and
the loss of biodiversity in Spain (OS, 2016).
The impact of intensive agriculture on non-agricultural biodiversity is of a strong
and complex nature. First, contamination by fertilizers and pesticides has been found
to be a major problem, and it goes against the European Union’s clearly downward
trend (OS 2016). In this book, we described the evolution of N flows from agricul-
ture that is dissipated in the atmosphere and waters, affecting terrestrial and aquatic
172 5 Environmental Impacts of Spanish Agriculture’s Industrialization
biodiversity. We also presented the increasing size, in terms of energy, of the flows
of pesticides that have been poured into the agroecosystem (see Chap. 4).
Second, several authors have emphasized how the industrialization of traditional
agriculture has damaged biological diversity due to the loss of landscape heterogene-
ity at multiple spatial and temporal levels (Benton et al. 2003; Firbank et al. 2008;
Lindborg and Eriksson 2004; Perfecto and Vandermeer 2010; Schuch et al. 2012;
Vos and Meekes 1999). In other case studies, we showed how the local generation
of energy and material flows that sustain organic-based agriculture is reflected in
the landscape, leading to complex land matrices (Guzmán and González de Molina
2009; Garzón et al. 2011) that favor biodiversity. Conversely, simplified landscapes
proper to industrialized agriculture harm biodiversity (Marull et al. 2015).
Third, we showed how agricultural industrialization has generated a major imbal-
ance in the uses of phytomass in cultivated lands, which further weakens the con-
servation of non-agricultural biodiversity. If we consider threatened bird species as
an indicator of biodiversity, 17.5% of them are associated with pseudo-stem cereals
and 5% with high diversity agricultural areas (orchards, irrigated tree crops, etc.)
(EEME 2011, pp. 80). MAPAMA (2013) thus shows that between 1998 and 2012,
the trend for birds associated with the agricultural medium, expressed as % change
in populations, was 4.8% in tree crops and 25% in cereal crops. The cereal crop
group does not use fertilizers and pesticides particularly intensively. However, the
fiasco of unharvested biomass reached a peak in the case of cereals. Modern varieties
have little straw, are mostly low in size and of short cycle, the use of herbicides and
the burning of stubbles mean these crops leave hardly any useful biomass for het-
erotrophic species, which affects the size of the populations they can sustain and the
trophic chains they are part of. This is the case of populations of birds of prey, such
as the Lesser Kestrel. The decline of these birds is linked to the fact that they need
to invest much greater efforts to catch their prey (arthropods and small vertebrates)
in the cereal fields since they have been modernized (Ministry of the Environment
2004). For other birds linked to cereals, UB also offers a refuge for them to repro-
duce themselves. On this subject, the reader can consult the actions recommended
in the “Life Project” for the conservation of steppe birds issued by the Ministry of
Environment of Andalusia (2003).
It is very difficult to discern the isolated effects of each of these processes on
declining biodiversity. Interactions and synergies are likely to exist between them.
In recent years, the conversion of farms from Industrialized Agriculture (also called
conventional agriculture) to Organic Farms (managed without agrochemicals and
using organic fertilization making them similar to traditional farms) provide us with
keys to build a deeper understanding of the interactions. These studies have prolif-
erated in recent years and various available meta-analyses show that converting to
organic farming improves biodiversity in cultivated areas (Bengtsson et al. 2005;
Hole et al. 2005; Norton et al. 2009; Tuck et al. 2014; Gomiero 2015). Only some
of the studies collected in the meta-analyses assess the specific causes of this rise in
biodiversity. Some studies show that the main causes consist of a greater complexity
of the landscape and ecological connectivity and the reductions in the pressure of bio-
cides. However, in recent years, several authors have found that the increase of forage
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resources (availability of phytomass) for heterotrophic species is one of the drivers
of this increase in biodiversity. For example, Rundlöf et al. (2008) state that the two
main favoring factors of bumblebees in organic farms, compared to conventional
ones, are the prohibition of agrochemicals and the provision of additional fodder
resources. Döring and Kromp (2003), in their literature review on carabid beetles in
conventional versus organic agriculture, found that in most cases, the species was
richer in organic farms, because ecologically managed fields provided larger food
supplies for herbivorous fauna. Wickramasinghe et al. (2004) found that organic
management was beneficial for bats both through the provision of more structured
habitats, as well as greater food resources (insect prey). Gabriel et al. (2013) showed
that differences in the biodiversity of different species (bumblebees, bees, butterflies,
epigeous arthropods) between organic and conventional fields could be due to the
fact that UB grass was more abundant in organic farms and, consequently, so was
arthropod biodiversity.
5.4 A Diet Rich in Food of Animal Origin: The
Outsourcing of Its Land Costs
To finish, we must point out that the negative effects on agroecosystems’ fund ele-
ments are not limited to Spain’s territory: they have also been partly outsourced
abroad. While the effects of bad management affected local areas in traditional agri-
culture, with rise of international trade, these effects have become globalized.
To study this impacts Infante-Amate et al. (2018) estimated land embodied in
Spain’s biomass trade, i.e., the land required to produce the biomass exported and
imported by Spain. Graph 5.14 shows the evolution and composition of land embod-
ied in both imports and exports of biomass. Both of them depict strong growth in
the period analyzed, mostly concentrated from the 1960s onwards. In fact, between
1900 and 1933, the land traded remained stable, while between ca. 1940 and 1960
both imports and exports declined. Land embodied in imports multiplied 8-fold over
the whole period analyzed, from 1.3 million hectares (Mha) in 1900 to 1.9 Mha in
1960 and 11.0 Mha in 2008. Similarly, land embodied in exports increased 7-fold,
from 0.7 to 1.0 Mha and 4.5 Mha, respectively. When distinguishing the final uses of
traded land, feed appears as the main product traded, mainly as of 1960 in the case of
imports. Its share in land embodied in imports rose from 0.6 Mha in 1960 to 5.6 Mha
in 2008. This result is in relation to nutritional transition already explained in other
parts of this book. At the beginning of the twentieth century, fibers and industrial
products accounted for 41% of total land embodied in imports, while they dropped
to 11.9% by 2008.
Net flowsdepict, therefore, a clear pattern of historical external dependence,which
was especially evidenced from the 1960s. In all (twelve) benchmark years analyzed,
Spainwas a net importer of land, although themagnitude varied over the course of the
period studied. In 1900, net imports accounted for 0.7Mha or 372m2/inhab,while the
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Graph 5.14 Land embodied in biomass imports (positive values) and exports (negative values),
in millions of hectares. Source Infante-Amate et al. (2018)
figure was 9 and 4 times higher in 2008, respectively (9.1 Mha or 1954 m2/inhab).
The minimum value was found in 1950, due to the particular historical context
related to the SpanishCivilWar and theAutocratic policies developed under Franco’s
dictatorship, as discussed in Chap. 2.
In the case of cropland products, Infante-Amate et al. (2018) also provide evi-
dence on embodied land in consumption activities, not only in trade. Knowing the
actual cropland occupied inSpain (domestic cropland) and having estimated cropland
embodied both in imports and exports, authors were able to quantify land require-
ments related to cropland-based biomass consumption. Cropland does not reveal
any abrupt changes over the last century in Spain, moving from 16.5 Mha 1900 to
17.3 Mha in 2008, and peaking at 20.9 Mha in 1970. However, actual cropland use,
considering the effect of land embodied in trade, shows more significant changes,
mainly from 1960. In the early stages of the century, cropland use was basically
explained by domestic cropland, due to low international trade levels. Actual crop-
land requirements were mainly met with domestic resources. Actual cropland use
accounted for 17.1Mha in 1900, a similar figure to domestic cropland.As trade gained
importance, the gap between domestic cropland and actual cropland requirements
increased (Graph 5.15). Today, actual cropland use (22.8 Mha) is 1.3 times higher
than the cropland area occupied within the country (17.3 Mha). In the 1960s crop-
land embodied in imports amounted 1.9 Mha while cropland embodied in exports
was 1.0 Mha. Net imports barely represented 4% of actual cropland demand and
cropland embodied in imports equalled only 11.6% of domestic cropland, i.e., crop-
land occupied in third countries was only one tenth of land occupied for cropland





















Graph 5.15 Actual cropland demand, domestic cropland, imports and exports of land, in millions
of hectares. Source Infante-Amate et al. (2018)
within the country. Only five decades later, in 2008, net imports of cropland grew
7-fold, amounting to 37.7% of actual requirements, and total cropland imports made
up 64.0% of domestic cropland. Given that a significant part of domestic cropland
is devoted to exports (26.2% in 2008), today, Spanish inhabitants occupy a similar
amount of cropland domestically as they do overseas to meet their cropland needs.
The expansion of the farming frontier represents one of the most pressing prob-
lems at a global level (Foley et al. 2005; Rockström et al. 2009), associated with
deforestation (Kaplan et al. 2005; DeFries et al. 2010), which in turn leads to serious
environment problems such as increased climate change (Cramer et al. 2004), losses
of biodiversity (Pereira et al. 2012), and the alteration of the nitrogen cycle (Austin
et al. 2006; Billen et al. 2014). In this chapter, we have explained the impacts of
land intensification in Spain. Nevertheless, many other problems associated with the
expansion of farmland and its intensification have taken place outside of Spain, and
especially in highly sensitive areas from an environmental perspective. Spain’s main
imports of biomass are grain and oilseeds for animal feed (see also Lassaletta et al.
2014b; Soto et al. 2016), and the majority of these imports come from countries
in which export agriculture generates serious social and environmental problems.
According to Kastner et al. (2014), the main two exporters of agricultural land
to Spain in 2009 were Brazil and Argentina, with just over one million hectares
exported in each case. Many studies have indicated that agro-exports in these two
countries are responsible for processes of deforestation and agrarian intensification
(e.g., Kastensen et al. 2013; Lassletta et al. 2014) that, as well as serious environ-
mental problems, generate serious social problems that often lead to violent conflict,
displacements and the breaking down of traditional communities (Hecht and Cor-
ckburn 2010; van Solinge 2010; Mayer et al. 2015). Recently, exports from Eastern
Europe have grown in importance. Currently, Ukraine, Romania, and Bulgaria allo-
cated almost 1.5 Mha to exporting agrarian products to Spain. Agro-exports in these
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regions are also a growing cause for concern in terms of the socio-political and envi-
ronmental problems (Visser and Spoor 2011) associated with them. In short, imports
of biomass not only involve hidden land flows but also other impacts such as the loss
of biodiversity, pollution, precarious labor, etc.
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Chapter 6
The Metabolism of Spanish Agriculture
In the previous chapters, we studied the evolution of each fund element. We will now
try to examine them in an integrated fashion to understand the metabolic dynamic
and its drivers. First, however, it is necessary to know the biomass demands of the
Spanish economy and society as well as how the agrarian sector fulfilled them. This
requires an analysis of domestic consumption and of the role played by foreign
trade in its evolution. In a country with a long export tradition like Spain, this is
essential. The objective is to characterize the structure, functioning, and dynamics
of Agrarian Metabolism (AM), taking into account its place in the metabolism of
the Spanish economy as a whole, based on its main indicators and its behavior in
relation to domestic consumption. Next, we will try to analyze the biggest drivers of
the agricultural sector’s metabolic activity, both on the supply side and demand side.
The analysis reveals at least four differentiated periods in the biophysical evolution
of Spanish agriculture.
6.1 The Agrarian Sector in the Metabolism of the Spanish
Economy
What happened in Spanish agriculture cannot be disassociated from the economy as
a whole and, therefore, from the final uses of the animal and vegetable biomass that
society has demanded. In two recent studies,we analyzed themetabolismofmaterials
in the Spanish economy between 1860 and 2008 (Infante-Amate et al. 2015) and
examined the role played by biomass throughout the twentieth century (Soto et al.
2016). As has happened with developed countries, Spanish industrialization was
accompanied by an accelerated increase in the consumption of materials, both in
absolute terms and per capita, thanks mainly to the growing extraction of abiotic
materials. On a global scale, it was at the end of the 1950s when the extraction of
abiotic exceeded the extraction of biomass, according to the data composed with
the EW-MFA methodology (Kraussman et al. 2009). In Spain, the growth of the
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consumption of materials was equally important but also experienced a certain lag
in time. The great transformation of the country did not take place until the 1960s,
both in terms of extraction and consumption of resources (Infante-Amate 2015). The
per capita direct consumption of materials in Spain was almost 20% lower than the
world average in 1960. In 1970, it was similar and in the year 2000, the consumption
of Spanish materials already doubled the global average (Krausmann et al. 2009;
Infante-Amate et al. 2015). The transition was not, as happened in England or the
USA (Schandl and Schulz 2002; Gierlinger and Krausmann 2012), an unhurried
process but a swift one. Its patterns match well with countries called latecomers,
which went through industrialization in a much faster way than firstcomers did, also
in biophysical terms (Krausmann et al. 2009). In this sense, the first phase of the
metabolic transition was a “weak transition”, characterized by significant qualitative
changes, though without any notable transformation in quantitative terms.
From the point of view of the Domestic Extraction (DE) of materials, it went from
58.9 million tons (Mt) from 1860 to 422.6 Mt in 2010, multiplying by 7.2 (Graph
6.1). The DE was multiplied by 1.4 between 1860 and 1950, while between 1950
and 2008 it did so by 5, mainly due to the growing weight of abiotic materials.
The biomass remained relatively stable, with extreme values of 49.5 Mt (1900) and
68.5 Mt (2008), while the inorganic materials grew significantly: in 1860, the DE of
these materials barely amounted to 1.2 Mt, in 1950 to 23.7 and in 2000, the year in
which the historical maximum was reached, it was 425.7 Mt. From the middle of the
XIX century and until the first decades of the XX century most of the extraction of
abiotic products was due tometallic materials, mainly to iron ore that was exported to
industrialized countries, especially to England. Still in 1910, the iron exported to that
country accounted for almost 50% of the national extraction. Until Franco’s autarky,
when there was a blackout of international trade in the country, Spain was, therefore,
a net exporter of resources, mainly minerals destined for the industrialized countries.
Since 1920, energy products replaced metallic minerals in extractive importance. Its
extraction continued to increase until 1990 when the peak was reached with 38.6 Mt.
Since then it has continuously decreased to 8.3 Mt in 2010, a figure lower than that
of 1940. From the sixties, the prominence has corresponded to the quarry products
that have grown continuously until now accounting for almost 90% of the total DE of
the country. They passed between 1860 and 2010 from 0.06 Mt to 342.1 Mt. These
materials reflect the strong growth experienced in the last decades of the twentieth
century, and until the economic-financial crisis, by the Spanish real estate sector, and
that these goods were used in construction and to a lesser extent in the country’s own
industrialization (Graph 6.1).
In any case, until the beginning of the sixties the extraction of abiotic materials did
not surpass the biotic ones. Until that time, the metabolism of the Spanish economy
remained essentially “organic”, although the relative share of biomass in the overall
metabolism of the Spanish economy declined steadily throughout the twentieth cen-
tury. In 1860, 97.9% of the extraction was biomass, while in 2008 it only represents
16%, a pattern shared with the developed countries. Paradoxically, the biomass DE
has not stopped growing, as we have seen in Chap. 2, stimulated by a growing and
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Graph 6.1 DE in millions
of tons (a), DE in percentage
(b), Imports (positive),
exports (negative) and total
PTB (c) and PTB per
inhabitant of biotic, abiotic
and total, in tons per
inhabitant and year (d).

































































































































































































184 6 The Metabolism of Spanish Agriculture
specialized demand. This evolution is coincident with the evolution of the DE on a
planetary scale (Krausmann et al. 2009).
On the other hand, the integration of the Spanish economy in internationalmarkets
has also gone through two periods that should be retained. A first period comprises
from mid-nineteenth century to mid-twentieth, when trade flows were little signifi-
cant but growing (with stoppages due to historical junctures such as the First World
War and the Great Depression) to suffer a kind of widespread commercial blackout
during the First Francoism. This was due to the autarkic policy that cut the incip-
ient economic dynamism of the country. The second begins in the sixties and is
characterized by the progressive integration of the Spanish economy in international
circuits of materials, both biotic and abiotic, to a large extent depending on them.
Total exports went from 0.5 Mt in 1860 to 132.6 Mt in 2010, and imports from 0.4 to
245.9 Mt. Here also there was a significant change in the composition of trade flows:
in 1860 a 20% of both exports, and imports were biotic and the remaining 80% were
abiotic. Although DE was then concentrated in agricultural products, the country’s
trade was focused on metals, energy products, and other minerals. In recent years,
both exports and imports of biomass represent only between 8–14% of total sales.
The Physical Balance of Trade (PTB) shows the changing behavior of the Spanish
economy. As we have said, Spain was a net exporter of materials until 1950 and,
since then, it has been a net importer in increasing magnitudes. During the second
half of the nineteenth century and much of the first half of the twentieth century,
we saw that most of the national production of iron was sold to other countries. The
trend changed in the second half of the twentieth century. Exports grew substantially,
but imports did so at a much higher rate, both biotic and abiotic. The transition to
a globalized economy became, rather quickly: in 1950 the PTB was 0.2 Mt, while
in the year 2000 it was 126.5 Mt, going from 0.01 to 3.1 t/inhab/year. (Graph 6.3,
Table 6.1).
The changes in the DE and in the PTB explain the behavior of the domestic
consumption of materials of the Spanish society (Graph 6.2), which like all of the
developed West has experienced a very significant increase, especially in the sec-
ond half of the twentieth century. This pattern corresponds to the so-called Great
Acceleration of the consumption of energy and materials (Constanza et al. 2007).
Between 1860 and 1950 the DC grew moderately, going from 58.7 to 85.5 Mt. The
population increase made that there was even a fall in consumption by inhabitant:
the DMC per capita went from 3.8 to 3.1 t/inhab/year. During this period, most of
the materials mobilized were logically of biotic origin. But during the second half
of the twentieth century, consumption multiplied, putting pressure on the DE and
causing resources from other countries to flow into Spain, that is, the PTB became
more and more positive. In this way, the DC went from 85.5 Mt in 1950 to 619.8 Mt
in 2000 and from 3.1 t/inhab/year to 15.2. Due to the economic crisis, consumption
fell to 11.6 t/inhab/year in 2008 (Table 6.1, Graph 6.3).
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Table 6.1 Indicators of the metabolic profile in Spain
1860 1950 2000
Population Millions 15.6 28.0 40.7
GPD/capita 000$ 1990 1.2 2.3 171.5
DEpc t/capita 3.8 3.0 12.1
Biotic 3.7 2.2 1.7
Abiotic 0.1 0.8 10.5
PTB t/capita −0.0 0.0 3.1
Biotic −0.0 0.0 0.4
Abiotic −0.0 0.0 2.7
DMC t/capita 3.8 3.1 15.2
Biotic 3.7 2.2 2.1
Abiotic 0.1 0.9 13.1
Biomass/total DMC % 98.1 72.1 13.6
Source Infante-Amate et al. 2015
6.2 Foreign Trade and Domestic Consumption of Biomass
What role has the agricultural sector played in the dynamics that we have just seen?
As we have seen, the growth of consumption has been based on abiotic materials,
relegating biomass to a secondary place. The consumption of biomass per capita
has decreased in line with this, but this has not meant a reduction of the biomass
consumed in absolute terms, as we have seen, but quite the opposite. The demand for
biomass has also grown throughout the twentieth century for various reasons that we
will have occasion to analyze with particular intensity in its second part. Next, we
will focus on the evolution and composition of the biomass DC and to what extent
the supply came from the DE or foreign trade.
Against the traditional belief, Spain has not been an agro-exporting country if
viewed from the biophysical point of view since it has received more biotic products
than it has exported. To a large extent, this is due to the fact that the main exports of
Spain were composed of fruit and vegetable products, with a high water content and
therefore with a much lower dry weight than abiotic materials or imported biomass.
Even so, the percentage of biomass traded in international markets was quite small
compared to the total biomass ED. Despite this, the importance of foreign trade in
biomass has increased significantly. Total imports went from 0.8 to 31.9 Mt between
1900 and 2008. Exports from 0.5 to 12.7 Mt. However, this growth has not been
continuous throughout the century. Until the 1960s the weight of foreign trade was
low, even contracted after 1933, but from 1970 there was an accelerated growth that
has not yet stopped. There has also been a significant change in its composition: until
the 1960s most of the biomass exports were concentrated in the category of human
food and tended to diversify as of that date. In 2008, the main export categories were
wood and firewood (especially wood), followed by human food and animal feed.






































































































Graph 6.2 Total consumption, millions of tons (a) and consumption per inhabitant, in tons per
inhabitant and year (b)
With regard to imports until 1933, about half were wood, while the main category
between 1940 and 1960 was that of human food. Since 1970, imports of animal feed
increased to almost half of the total imported biomass (42%) (Table 6.2).
The PTB shows that effectively and contrary to what the monetary values say,
Spain has been a net importer of biomass throughout the period of our study. Only
in some years between 1900 and 1970 has it exported more than it has imported
into the food category with human destiny. Likewise, the weight of the PTB has
been very insignificant until the 1960s, in such a way that the DC evolved in parallel
with the DE between 1900 and 1960 (Graph 6.1b). The percentage of PTB on the
DC oscillated between 0.9 and 2.4% during those years (with an extreme value of
0.1% in 1950). However, since 1970, the role of foreign trade in biomass DC has
had an increasing importance, from 6.2% in that date to 22.2% in 2008. The greatest
commercial integration of Spain in the last 40 years explains that the DC of biomass
has grown at a higher rate (74%) than the DE (38%) between 1900 and 2008, from
6.2 Foreign Trade and Domestic Consumption of Biomass 187
Graph 6.3 Biomass trade
and consumption. (a) PTB,
Mt of dry matter (b) DMC,
Mt of dry matter
(c) Consumption per capita,
Mt of dry matter (d) Net
food balance, kilocalories
per inhabitant per year.













































































































































































































































































































































































































































































































































































































































6.2 Foreign Trade and Domestic Consumption of Biomass 189
50.0 to 86.7Mtof drymatter. In otherwords, biomass consumption inSpain depended
on the DE until the late 1960s. From that moment, it began to depend increasingly
on imports. The Spanish consumption of biomass today represents a considerable
percentage, 27.6%, of the NPP, seven points more than in 1900, but a part is actually
extracted in other countries, given that theDE is a 21.8%ofNPPproduced by Spanish
agroecosystems. The difference between the DE and the DC, which did not exist in
1900, stood at 18.3 Mt of dry matter in 2008, the highest of the period. This gap
means that international trade contributes a fifth of domestic consumption, as we
have seen (Graph 6.3).
6.3 The Main Indicators of Agrarian Metabolism
How did the agricultural sector respond to the consumption increase described in the
section above? Despite international trade’s increasing role, the bulk of the required
biomass continued to be supplied by Spanish agroecosystems. To meet growing
demand, it was necessary to expand Spanish agricultural metabolism by almost 50%
(see Table 6.3). This was achieved not only by increasing net primary productivity
but also by raising the share appropriated by society as seen in Chap. 2, as well as
net biomass imports. Maximum relative extraction took place in the 1950s, coincid-
ing with the end of traditional agriculture when production difficulties favored by
Francoism encouraged maximum appropriation of biomass, in a context of falling
yields. However, in absolute terms, the maximum volume of extracted biomass was
reached in the year 2000,when almost seventymillion tons of drymatterwas obtained
mostly from crops. Therefore, greater production efforts essentially concentrated in
cultivated lands and in certain crops or livestock specialties. Indeed, DE growth was
driven by cultivated land intensifications, increasing by 236%with respect to 1900. In
contrast, the abandoning of pastures or their underusage, together with conservation
and reforestation, with scarce biomass energy use, explain DE drops, respectively,
by 46 and 17% in these lands since 1900. The NPPact showed an opposite trend
concerning the three major land uses from the perspective of human biomass appro-
priation: DE decreased by 17% per hectare in forests and by 81% in pastures, while
it increased for crops. Such a remarkable growth in agricultural production can be
explained not only by cultivated lands’ productivity growth, but also by changes
in biomass use patterns extracted from cropland, as seen in Chap. 2: productivity
multiplied threefold for the main crops, but only grew by 40% relating to residues.
There has also been significant changes in the final use of DE. Biomass aimed at
human food consumption increased from 9 to 14%, biomass aimed at raw materials
went from 1 to 4% and biomass aimed at animal feed went from 56 to 57.5%,
reaching two-thirds in the 1960s. Since that decade, around 40 million tons of dry
matter per year have been used to feed livestock, despite the fact that animal traction
is no longer used. This development can be explained by the Spanish agricultural
sector’s increasing orientations towards livestock and was especially visible in the
case of cereals. The role of cereals as feed is heavier today than in 1900 when it
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Table 6.3 Evolution of the indicators of Spanish agriculture metabolism, 1900–2008 in Mt of dry
matter
1900 1933 1950 1970 1990 2008
Imports (input) 0.03 0.3 0.4 2.8 4.3 4.7
Actual NPP 244.6 255.8 257.9 283.3 292.6 314.2
Unharvested biomass 183.4 184.3 184.2 203.5 202.9 222.1
Accumulated biomass 11.7 10.8 12 21.7 23.4 23.7
Domestic extraction (DE) 49.5 60.7 61.7 58.1 66.3 68.5
Reused biomass 28.4 37.6 39.9 35.8 41.3 41.9
Recycled biomass (Unharvested biomass
+ Reused biomass)
211.7 221.8 224.1 239.4 244.2 263.9
Socialized biomass (export) 21.5 23.7 22.4 23.7 27.7 30.6
Socialized vegetal Biomass 21.2 23.1 21.8 22.2 24.9 26.6
Socialized animal Biomass 0.4 0.6 0.6 1.4 2.8 4
Domestic Consumption (DC) (DE +
Import-Export)
28.4 37.9 40.3 38.7 45.6 46.6
TMR (DE + I) 49.6 61 62.1 60.9 70.6 73.2
Metabolic profile (per capita) 1.5 1.5 1.4 1.1 1.2 1
TMR/per capita 1.1 1.3 1.3 1.3 1.5 1.6
1900 = 100
Imports (input) 100 974 1168 8279 12.674 13.832
NPPreal 100 105 105 116 120 128
Unharvested biomass 100 100 100 111 111 121
Accumulated biomass 100 93 103 186 201 202
Domestic extraction (DE) 100 123 125 117 134 138
Reused biomass 100 132 140 126 146 148
Recycled biomass (Unharvested biomass
+ Reused biomass)
100 105 106 113 115 125
Socialized biomass (export) 100 110 104 110 129 142
Socialized vegetal Biomass 100 109 103 105 118 126
Socialized animal Biomass 100 159 160 406 800 1148
CD (DE + Import-Export) 100 133 142 136 161 164
TMR (DE + I) 100 123 125 123 142 148
Metabolic profile (per capita) 100 99 94 75 76 66
TMR/ha SAU 100 123 125 122 141 148
Source author’s compilation
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was still the basis of food. Biomass aimed at fuel followed an opposite trend: it
represented 32% of total extracted biomass in 1900 and 21% in 2008, replaced by
gas and electricity in households. As commented earlier, significant wastage was
generated by the destruction of crop residues, which reached 3.6 Mt, i.e., 5.5% of
DE in the 1990s. This squandering continues today.
Livestock has undergone a fundamental change. Livestock used to be organic-
based and have close ties to the land, but it became industrial. Animals were mostly
housed and landless. Therefore, livestock became much more dependent on feed
supply and industrial inputs which mostly came from international trade. Total live-
stock increased sharply due to this transformation, from 54 million heads in 1900 to
838million heads in 2008. Livestock composition, the destination of its products and
services as well as its management and feeding thus significantly changed. In terms
of liveweight, livestock size multiplied by 2.4, from 2.8 million tons at the beginning
of the twentieth century (with peaks of around 3.4 million in the 1930s), to almost 7
million tons around 2008. These figures reflect a growing livestock specialization in
poultry, pigs, and, to a lesser extent, cattle, mainly oriented towards the production
of meat and dairy products. An illustration is the spectacular growth of Socialized
Animal Biomass (SAB), which increased from 0.4 million tons of dry matter to more
than 4 million, i.e., a multiplication factor of 11.5. This remarkable growth reflects
the specialization in intensive livestock farming, which has generated big environ-
mental impacts as described earlier, especially the increase of GHG emissions or the
alteration of the nutrient flows caused by intensive livestock (Lassaletta et al. 2014).
In short, agroecosystems have undergone a profound change. They passed from
agrosilvopastoral integration, where livestock and forestry agricultural activity was
closely linked to the territory, to a growing segregation of land uses, causing linkswith
the territory to break and the progressive substitution of internal flows by flows exter-
nal to the sector, a significant portion of them coming from abroad (Infante-Amate
et al. 2018). A large part of the pastures was abandoned or clearly underutilized and
forested areas have grown either for commercial exploitation or for “conservation”.
Traditional uses of these areas have diminished substantially.We can say that Spanish
agriculture has specialized in a group of crops (fruit and vegetable production, olive
groves) and in intensive livestock. Other agricultural activities have been abandoned
or are being underutilized.
The behavior of Accumulated Biomass (AB) reflects this development. Its contri-
bution to the NPPreal has been the largest of all, from 11.7 million tons of dry matter
in 1900 to 23.7 million in 2008, more than doubling and occupying an increasing
percentage of the NPPact, from 4.8 to 7.5%. Accumulated biomass in the aerial
part of forests has been mainly responsible for this increase, multiplying by almost
20. This was due on the one hand to a threefold increase in forested areas, and on
the other, because the use of firewood in Spanish forests was disappearing as the
household energy transition progressed. The implementation of public conservation
policies and the declaration of protected natural spaces also played a part. The case
of Spain seems to fit with the so-called “Forest Transition” where forest areas grow at
the cost of farmland. Academic literature associates this phenomenon with so-called
land sparing, where one part of the territory is used so intensively that other parts,
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especially those that cannot achieve very high yields, can be dedicated to forestry
purposes. But it may also be due, as we shall see later, to soil imports from foreign
countries.
Spanish society directly or indirectly appropriated a fifth (and currently almost a
quarter) of all NPPact. However, its interventions in the dynamics of agroecosystems
have become more visible than at the beginning of our study period. Decisions on
land uses have ended up directly affecting the rest of the non-appropriated biomass.
Unharvested biomass (UB) grew by 21% in absolute terms throughout the period,
but in relative terms, it was the type of biomass that contributed the least to the
growth of total NPP, clearly below the average. Its evolution somewhat reflects the
deterioration of the land fund element: in relative terms, its importance fell from
75% of the NPPact in 1900 to 69.3% in 2008. This explains why Recycled Biomass
(RcB) in agroecosystems grew generally less than DE, although the RcB increased.
This drop was bigger in pastures and croplands.
The territorial imbalance described above and the breakdown of the internal loops
of agroecosystems explain the importance that external inputs have acquired for the
functioning of Agrarian Metabolism. As shown in Table 6.3, imports, i.e., materials
imported from outside the agricultural sector, increased exponentially, from 0.1% of
DC of materials, an insignificant figure, to 9.4% in 2008. Inputs from outside the
agricultural sector increased 138 times in dry weight only; the weight was much
bigger when taking into account embodied energy. Biggest increases in DE were
precisely associated with phases of greater use and importance of external inputs.
They currently represent 6.4% of the Total Material Requirement (TMR) of Spanish
agriculture’s metabolism. In fact, the agricultural sector’s materials DC has increased
by 64%,which is higher thanDE growth; in turn, the TMRhas grown by 48%, clearly
showing today’s comparatively higher cost of metabolic activity compared to that
of the early twentieth century. However, the SVB, i.e., the plant biomass transferred
to society, increased by only 26%, from 21 to 26 million tons of dry matter. This
data clearly shows that the Spanish agricultural sector has specialized in livestock,
responsible for the increase of both DC and TMR of agricultural metabolism, driven
mainly by Reused Biomass (RB) and by feed imports.
The metabolic profile of the agricultural sector has declined sharply since 1900.
In that year, the size of Spain’s agricultural metabolism was 1.5 t of dry matter per
capita. By 2008, it had fallen to 1 ton. There are two explanations for this drop:
the growth of the Spanish population, which had multiplied by 2.5 by 2008, and,
as we saw earlier, because of the partial outsourcing of the metabolic effort by
importing energy and materials from outside the sector and even from outside the
country. This behavior is common to other industrialized countries, despite the ever-
increasing land costs of animal feed (González de Molina et al. 2017; InfanteAmate
et al. 2018). Despite this, the metabolism of Spanish agriculture has increased its
pressure on agroecosystems since the TMR/ha has risen by almost 50%, due to the
intensification and specialization process.
Table 6.4 reflects the process of production intensification since 1900. Twodistinct
periods can be distinguished. The first period corresponds to the first half of the
twentieth century, inwhich extraction of biomass intensified for all land uses,whether
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Table 6.4 Evolution of productivity per hectare according to land uses (t/ha)
1900 1933 1950 1970 1990 2008
DE/ha 1.1 1.3 1.3 1.2 1.4 1.5
DE crops/ha 0.5 0.7 0.6 0.9 1.2 1.1
DE primary crops/ha 0.2 0.4 0.3 0.5 0.8 0.8
DE pasture/ha of pasture 0.7 1.0 1.3 0.4 0.3 0.5
DE wood and firewood/ha of woodland 0.9 0.9 0.9 0.5 0.5 0.5
1900 = 100
DE/ha 100 123 125 116 133 138
DE crops/ha 100 133 117 180 219 212
DE primary crops/ha 100 149 124 220 316 336
DE pasture/ha of pasture 100 144 186 57 48 69
DE wood and firewood/ha of woodland 100 110 103 61 56 60
Source author’s compilation
for agricultural, forestry or livestock uses. This intensification was a logical response
as the sector was still linked to the territory and depended on it for animal and
human food as well as for providing raw materials to industry. It also depended
on it to supply the bulk of domestic energy, i.e., to satisfy the basic needs of a
population that had grown from 18 to 28 million inhabitants over the period. Except
for some fertilizers that were already produced by the chemical industry based on
non-renewable sources, these needs were largely met using biomass extracted from
the territory; the economy was still of a basic nature and essentially organic, within a
metabolic arrangement under industrial transition. The second period corresponds to
developments from the 1950s to 2008: forest and pasture DE decreased substantially,
while biomass extraction became more intense in croplands, especially in the main
parts of the crops. This is the logical consequence of the energy transition and the
use of disproportionate imported livestock feed in relation to the land’s capacity to
sustain it.
Consequently, Spanish agroecosystems have undergone a significant process of
production intensification and specialization. The specialization has been twofold.
On the one hand, someof the country’s autonomous communities,which traditionally
concentrated crops and occupied the territory in a relatively balanced way, currently
display a higher degree of concentration of some crops and in a less balanced way.
On the other hand, crops are grown now less dispersed and more concentrated in the
autonomous communities than in the past, when they were more evenly balanced
over the territory. The Gini index on Final Agricultural Production of seven types
of uses (vegetables, fruits, wine, oil, eggs, meat, milk) shows this. It went from
0.285 in 1959 to 0.383 in 2000. That is, it grew by 34.4%, reflecting a significant
increase of production specialization. In terms of uses, we observe that all, without
exception, show a strong degree of territorial concentration based on the Gini index
of distribution over Spanish regions. The case of vegetables stands out. Vegetables
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are a star product of intensification and external commercialization and its degree of
specialization has grown by almost 70%.
During the first half of the twentieth century, this intensification involved practi-
cally all areas and uses. In the second half of the century, the Spanish agrarian sector
specialized in a group of intensively managed crops and intensive livestock, due to
its dissociation from the land, among other factors. This fundamental change in the
agrarian sector required, as we have seen, the injection of large quantities of external
inputs, the scope of which is not properly reflected in dry weight ton measurements.
When analyzing Spanish agriculture’s metabolic activity from an energy perspec-
tive, more obvious conclusions can be drawn. The energy efficiency of agricultural
production has declined considerably as we saw in Chap. 5.
6.4 The Pace of Intensification and Specialization (I + S)
The intensification process, however, did not unfold steadily nor was it boosted by the
same drivers over the study period. We used decomposition analysis to better differ-
entiate the phases underwent by Spanish agriculture since 1900. The decomposition
analysis method is based on the proposal by Ang (2005) for additive decompositions.
It allows to estimate the variation over time of a given variable (it is generally used to
study changes in energy consumption) and then quantifies the weight on such vari-
ation of the variation in other types of variables generally expressed in other units
(GDP, population, efficiency, etc.). The final result shows the effect of these variables
expressed in the measure unit of the variable that is under analysis. In our case, we
wished to analyze the change in the DE of crops at the state level, measured in tons
of dry matter. For this, we estimated the variation at two different moments in time.
We assumed that changes in DE change can be explained, first, by changes in the
agricultural area: the larger the surface area, the larger the extraction, and vice versa
(the cultivated area is expressed as A in Eq. 1). However, it is possible that Extraction
per area unit changes over time. We capture this effect by incorporating intensifica-
tion (I), which is estimated as the inputs (measured in embodied energy) per hectare.
Finally, we incorporated efficiency (E) in the use of these inputs. It is possible that
more inputs be added but that the response in the form of biomass production is ever
smaller. We synthesize this equality in Eq. 1.
DE = A ∗ I ∗ E (1)
Thus, the change in DE between year T and year 0 is equivalent to the sum of the
changes in the variables considered:
DEtot = DET − DE0 = A + I + E
Graph 6.4 shows the result of the analysis throughout the period in the right col-
umn. It confirms that the use of inputs was the main factor of increase in DE of arable
6.4 The Pace of Intensification and Specialization (I + S) 195
Graph 6.4 Analysis of the decomposition of DE. Source author’s compilation
lands. It also shows that biomass input production efficiency considerably reduced
DE, reflecting its progressive decrease, as observed in EROI behavior. Variations
in croplands ultimately scarcely explain DE behavior. The analysis also allows to
distinguish four different periods. The first period corresponds to the first third of
the twentieth century, when DE increased moderately, due not so much to the cul-
tivation of new lands, despite the incorporation of almost four million hectares, but
to the use of industrial inputs, whose volume in terms of energy multiplied by 6.6.
Animal traction increased due to the growth of cultivated areas and the increase in
work associated with more intensive management; but it was the use of fertilizers
that grew the most and, to a lesser extent, that of new irrigation systems. In previous
chapters, we highlighted, in fact, the key role of chemical fertilizers in agricultural
growth during the first third of the twentieth century, especially phosphate fertilizers,
the expansion of irrigated land and improvements in their water provision. However,
efficiency per input decreased and this had a negative effect on DE.
The second period covers the years of Early Francoism, characterized by the fall
in crop DE. The analysis mainly attributes efficiency loss to extracted biomass reduc-
tions. Although the use of inputs declined significantly in the forties, at the beginning
of the fifties, the expansion of irrigation and the increase of energy invested in trac-
tion, still mostly animal-based, boosted inputs per hectare. However, inefficiencies
caused by the need to allocate more biomass to animal feed, i.e., raising the amount
of reused biomass, brought down efficiency levels. The third period corresponds to
the forty-year period between the fifties and nineties. The results of the analysis
clearly show the effects of industrialization on Spanish agriculture: a very sharp
growth of crop DE essentially due to the use of external inputs that multiplied by
almost 11 between both dates. Among these inputs, industrial inputs grew the most,
to a similar extent, while non-industrial inputs grew little, because labor reduction
196 6 The Metabolism of Spanish Agriculture
partially offset the increase in the use of feed, which multiplied by 30 during that
period. Among the industrial inputs, mechanization, irrigation and crop protection
inputs grew the most, although the role of chemical fertilizers was decisive during
the first decades. As can be inferred from the land-use figures described in Chap. 2,
croplands remained relatively stable and therefore, can hardly explain DE behavior.
The analysis also clearly shows that DE increased while the efficiency of agricultural
production (biomass obtained per TJ) was significantly reduced. As seen in Chap. 5,
the EFEROI (External Final EROI) shrunk, from 9.24 units of extracted biomass in
1950 to 1.56 in 1990.
The decomposition analysis indicates a fourth period between the beginning of
the nineties until 2008, of scant crops DE growth. The croplands went from 20.1
million hectares to 17.2, losing almost three million hectares for cultivation that did
not, as in the past, go into swelling larger farms. This partly explains that the use of
inputs continued to grow, especially animal feed, and livestock activity with it, whose
impact is not fully reflected in crops DE. Decline in labor is particularly striking. In
contrast, industrial inputs grew very little and sometimes even fell, as in the case of
chemical fertilizers. Consequently, the stabilization and even the relative decrease
of crop DE are related to livestock specialization and the transfer of the biomass
necessary to sustain it to other territories.
In short, during the twentieth century, the functionality of agrarian metabolism
changed substantially in the Spanish economy as a whole: from supplying an essen-
tial part of energy and materials, it became a biomass supplier for human or animal
food and raw materials for industry. This brought about an increase in the demand
for biomass in absolute terms leading to sustained production intensification and
specialization over time. At first, the process took place more or less over the whole
territory and for all uses. Later, it concentrated in croplands, especially those with
better access to water and fertile soils. Since the end of the nineties, the twofold
nature of the agrarian sector has become more pronounced. Currently, large under-
utilized or neglected territories, especially in the interior pasture lands and drylands,
coexist with croplands or highly specialized landless livestock activities in which
production intensification continues. It is because some of the production pressure
is transferred to third country territories through international trade that increasing
domestic biomass consumption is compatible with the abandonment or underutiliza-
tion of a portion of Spanish agroecosystems, thus deepening its double-sided nature.
This explains DE stagnation as DC continues to grow. How did this situation come
about? We have already seen that the process was driven by intensification and pro-
duction specialization (hereon I + S). But what were the drivers or underlying forces
of intensification and specialization themselves?
6.5 The Drivers of I + S
Based on the previous sections, the reasons must be sought both within the agri-
cultural sector, that is, on the supply side, as well as outside the sector, taking into
6.5 The Drivers of I + S 197
account industry and agri-food sector biomass demand. This is all the more justi-
fied if we consider that, as we have just seen, for a long time, DE and DC did not
co-evolve. Next, we examine the factors that explain I + S processes, depending on
whether they originated inside or outside the agricultural sector.
6.5.1 Supply Side Drivers of I + S
In Chap. 1, we presented the main hypothesis of this book, i.e., that the adoption of
I + S strategies was due to the difficulties of many agrarian households to maintain
and reproduce themselves socially. Chapter 4 was devoted to the study of monetary
flows, and we saw that I +S strategies were common among small farmers but for a
number of reasons eventually spread to all types of farms. Given the limited data at
our disposal, we can only indirectly confirm these hypotheses for the first third of the
twentieth century. Data from official land registry records (Avance Catastral), col-
lected and studied by Carrión, confirm the overwhelming weight of small properties
that were unable to reach the minimum levels of GVA required to cover the coun-
try’s average consumption basket. This explains the need to maximize agricultural
income, either by specializing in the production of cropswith bettermarket outlets, or
by intensifying the production of subsistence crops.We also know that salariedwork-
ers, threatened by seasonal unemployment and the lack of alternative employment
outside the sector, developed strategies to strengthen their position within the labor
market through unions and social protest. The strategy resulted in wage increases
that eventually affected the rest of the farmers who were relatively dependent on the
external workforce. Given the difficulties in replacing human labor with machines,
the most feasible strategy was to apply chemical fertilizers, increasing yields per
unit area and compensating for the rise in labor costs. In this way, the I + S strategy
was adopted by practically all farmers. In fact, this explanation is supported by our
decomposition analysis performed on the drivers of DE increase, in the absence of
more precise data on agricultural macromagnitudes.
On the other hand, our hypothesis can be better verified for the second half of
the twentieth century, since we dispose of the sector’s accounts and other useful sta-
tistical information. The agrarian sector’s intensification was measured in different
ways, either through indicators such as DE/ha or DE/ha of cropland. Nevertheless,
we advanced a hypothesis on the drivers of I + S attributing a decisive weight to
agrarian income and its capacity to cover average agricultural household expenditure.
Therefore, it would be appropriate to approach the weight of the drivers of inten-
sification in monetary terms rather than in biophysical terms. This can be achieved
by using a proxy variable as reliable as possible. Intermediate consumption (IC), in
monetary terms and reflected in the sector’s accounts, effectively expresses the costs
of intensification since its beginnings: as we have seen, ever since external inputs
were used, the greater the use of inputs, the more intensely the agroecosystems were
managed.
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Let us remember that, as we saw in Chap. 4, the amount of agricultural
income depended on the magnitude of intermediate consumption. Furthermore, in
Chap. 5, we related the increasing use of inputs, fossil fuels in particular, to agroe-
cosystem environmental damage over the last decade that endangered the repro-
duction of the most important fund after the agrarian population: the land and its
capacity to produce biomass sustainably. As we saw, the use of inputs increased
dramatically since the 1950s multiplying by 11 in terms of energy; this increase per-
sisted throughout the study period, albeit at different rates. Except in the years prior
to the current economic-financial crisis, farmers had to devote an increasing share of
the production value to face the costs, significantly affecting income. These expenses
reflect how I + S efforts were conducted to compensate for falling paid prices and
achieve sufficient income to cover average Spanish household expenditure. Agrar-
ian household expenditure, apart from in the expected case of “Entrepreneurs with
workers”, has always found itself below the national average since 1958. That is,
most of the agrarian population’s access to goods and services has fallen below the
rest of the country’s levels of access, especially that of agricultural laborers and small
landowners with no employees.
IC has therefore contributed to making agrarian activity less viable. So much so,
that it has had to resort to other mechanisms to compensate income decline: on the
one hand, public subsidies, at first from the State and then from the EU; on the other
hand, the mobilization of professional agricultural organizations and trying to raise
the prices paid or increase the amount of aid. On an individual basis, farmers have
tried to bring down labor costs, by reducing employment, and when this was not
possible, by leaving the sector. In many cases, it was possible to maintain levels of
income per employee and even increase them, at least until early this century. Labor
costs dropped practically by half, representing 60.4% of costs in 1964–5 and 31.9%
in 2008. To discover the weight of the main drivers of intermediate cost behaviors,
we performed a decomposition exercise presented below.
We again followed the decomposition proposal of Ang (2005) as described above.
In this case, we analyzed intermediate consumption variation, measured in euros of
the year 2000, between 1962 and 2008, distinguishing other intermediate periods.
The variables considered in the model are described as follows: first, the number
of farms or agricultural holdings (expressed as F in Eq. 2) reflects the evolution of
the sector itself and provides information on the abandonment of activity, given that
the number of holdings logically influences the total amount of inputs used; second,
hectares per holding (ha/F) measures their size and captures the increase in the size of
agricultural holdings that has taken place as a result of the drop in their number and the
aim of reaching a threshold of minimum profitability by increasing the size. This has
had consequences on input use since it has usually led to the replacement of labor by
machines and chemical means, raising productivity; third, income per hectare (I/ha)
shows the profitability of each surface area unit and captures the behavior of farmers
who have tried to increase income by producing more and, therefore, using more
inputs. Finally, the fourth variable refers to the intermediate consumption share of
total agricultural income (IC/I). It reflects the vicious circle produced by farmers’
intentions of offsetting IC increases by producing more thus paradoxically being
forced to use more IC (Graph 6.5).
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Graph 6.5 Decomposition analysis of Intermediate Consumptions (IC) explained by the number
of agricultural holdings—farms—(F), hectares per farm (ha/F), income per hectare (I/ha) and the
intermediate consumption share of income (IC/I) 1962–2008







The results for the whole period (1962–2008) show an IC increase of 11 billion
euros. The increase was the result of the opposing strengths of the selected variables.
The fall in income per hectare and farm income halted the rise of intermediate
consumption, especially farm income. Farm abandonment led to a 6.3 billion euro
drop in intermediate consumption. However, increases in farm size, measured as
hectares per farm, as well as the growing weight of intermediate consumption over
total income, were responsible for a much larger increase. The increases in farm
size account for an increase of 4.2 billion. The weight of intermediate consumption
in total income was, however, the main driver of total intermediate consumption
increase. Its impact is estimated at 13.9 billion euros.Overall, agrarian intensification,
measured as an intermediate consumption increase, is explained by forces that pushed
in opposite directions, notably the abandonment of farms, which caused a drop in
their numbers but, in turn, the loss of the sector’s profitability forced farms to increase
their consumption that, in turn, grew in size due to property concentration. This latter
factor also pushed up intermediate consumption.
It is possible to find differentiate historical phases when analyzing the effects
of decomposition The first period runs between 1962 and 1977, during which IC
was mostly driven by its increasing share of agricultural income and to a much
lesser extent by farm size increases. Farm numbers hardly dropped and farms hardly
contributed to IC variations. A second period can be distinguished between 1977 and
1992 when IC barely rose. It continued to grow in relation to agricultural income,
but the growth was mostly offset by the decline of income per hectare. This was
during the oil crisis and transition to democracy. The first democratic governments
adopted agrarian policies that were sensitive to the pressures of the professional
200 6 The Metabolism of Spanish Agriculture
agricultural organizations and workers’ unions: they slowed down the process of
labor substitution by machines and farm number reductions (Herrera 2007). A third
period spans from 1993 to 2008. IC growth was higher than in the previous period. In
this case, the growth was equally driven by the rise in the percentage of intermediate
consumption over total income, farm size increase, and the growth in income per
hectare. The overall growth was partially offset by a sharp decline in the number of
farms. In other words, in this last period, we observe an unprecedented process of
farming abandonment and relative increase in intermediate costs that was offset by
intensifying farming and increasing farms size.
In view of the results of our decomposition exercise and the behavior of employ-
ment and farm numbers, agricultural macromagnitudes, it is worth breaking down
the last period on the evolution of Spanish agriculture’s metabolism following the
last two periods—the first third of the twentieth century and Early Francoism—into
two subperiods. The first sub-period starts in the sixties and runs until the early
nineties; we can refer to it as the period of the industrialization of Spanish agricul-
ture. The second runs from the early nineties until today and can be understood as
the globalization of Spanish agriculture.
At the beginning of the 1960s, agrarian activity provided sufficient income to
cover average Spanish household expenditure; soon the continued fall in income and
the increase in average household expenditure significantly deteriorated farmers’
living standards. Most were able to confront the situation by increasing production
and reducing costs. The technologies associated with agricultural industrialization,
i.e., fertilizers, phytosanitary products, improved and hybrid seeds, irrigation and
mechanization made it possible to increase productivity, even in the least productive
farms. In parallel, they tried to compensate for the increase in intermediate costs
by reducing labor costs, that is, replacing work with machines and chemical means.
Despite these efforts, the strategy did not yield the desired result and agrarian income
remained insufficient to cover average Spanish household expenditure (Graph 6.6).
The second period, starting at the beginning of the nineties, coincided with the full
implementation of the CAP. Agricultural income grew above household expenditure,
though this was due to job destructions and numerous farm closures. Agricultural
income did not improve, it continued to dwindle in constant terms, butwas distributed
among fewer farmers and fewer salaried workers. In fact, there was little possibility
of increasing productivity by greater use of inputs or by substituting labor with
machines. The marginal utility of technologies that had played a leading role in
the industrialization of Spanish agriculture was reduced, especially for farms with
low yields that could barely earn more income by incorporating inputs to increase
production. Improving labor productivity and increasing farmsizes continued to be an
effective strategy to offset this trend; but this was not possible for many farmers who
had to abandon their activity or who did not dispose of any generational handover.
The smaller farms were the most affected, and the farms under 20 ha represented the
bracket with the highest number of closures. Terminations of activity were especially
intense in the country’s interior, in areas of low productivity and limited capacity for
intensification.
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Graph 6.6 Relationship












































In a context of declining paid prices, farms that were able to intensify their produc-
tion attempted to raise their income by increasing their surface size or by orienting
production towards utilizations with higher gross margins. The data presented in
Chap. 4 show that gains in European size farm units (ESU) were clearly achieved
thanks to intensive livestock and forced cultivation under plastic covers. Both tenden-
cies led to enhancing the use of external inputs in terms of energy, that is, they have
broadened the scope of I + S in Spanish agriculture. In the case of pigs and poul-
try production, high gross margins were made possible thanks to massive imports
of very cheap feed based on corn and soybeans. Overcoming the profitability cri-
sis has therefore persistently relied on I + S, but only a tiny share of farms was
concerned. Spanish agriculture has thus branched off in two directions: on the one
hand, the sector continues to intensify and specialize, associated with intensive live-
stock farms, that are highly industrialized and integrated into the agri-food industry,
together with farms based on forced cultivation under plastic; and on the other hand,
a more extensive sector unable to reach these I + S levels has abandoned its activ-
ity or subsists thanks to size gains, CAP subsidies, or organic farming. Converting
to certified organic production has been a way out as agri-environmental measures
generate income supplements that has allowed them to increase the number of ESU.
As illustrated, employment in the sector has declined continually since the middle
of the century, accelerating in recent decades. Job destruction appears to be non-
ending. Despite I + S efforts, monetary flows have visibly been unable to ensure the
reproduction of this fund element for the functioning of the agroecosystem. In 1950,
more than 5.2 million people were employed in the agricultural sector, that is, almost
half of total employees and 18.6% of the Spanish population. This figure has come
down to 774,500 in 2016, accounting for 4% of employees and barely over 2% of
the population. As we saw in Chap. 4, around two-thirds of farms have disappeared
since the 1960s. The aging of farmers has taken on worrying proportions, calling
202 6 The Metabolism of Spanish Agriculture
into question both the agrarian nature of households and the survival of farms. This
explains the phenomenon of depopulation of Spain’s interior, reflecting the non-
viability of the industrialized agricultural model and the institutional arrangement in
which it operates.
6.5.2 Demand Side Drivers of I + S
Changes in consumption patterns and population increase were two key drivers
of agrarian intensification. Once again, we conducted a decomposition analysis to
understand the drivers of cropland demand. The variable under analysis was actual
demand for cropland and was calculated by adding the land embodied in imports to
the country’s croplands minus the land embodied in exports. To estimate the land
embodied in imports, we made an estimation of the imported biomass produced in
croplands in third countries. Then we applied a land demand factor to each case (for
each product and in each exporting country), which varied according to whether it
was a primary or processed product, if there was joint production in each crop, etc. A
detailed description of the calculations can be found in Infante-Amate et al. (2018).
We proceeded in the same way for exports. As mentioned throughout our study,
the results show the Spanish economy’s increasing land demand which is mainly
due to the transfer of land use to other countries. At present, approximately 11 mil-
lion hectares (Mha) of total surface area is used outside the country, the majority of
which, about 10 Mha, is cultivated. Current cultivated areas accounted for approxi-
mately 17.1 Mha in 1900; however, actual land demand was 22.8 Mha, i.e., 1.4 times
more. The greatest acceleration has been taking place since 1960. Imported land
then amounted to 1.9 Mha and exported land barely exceeded 1.0 Mha. Net imports
represented only 4% of the country’s cultivated areas and total imports represented
11.6%. Five decades later, in 2008, net imports multiplied by 7, accounting for 37.7%
of real demand. Total land imports represent 64.0% of the country’s croplands. Given
that a substantial part of that area is destined for export, we can fairly say that Spain
requires almost as much surface area within its borders than outside due to biomass
consumption activities.
But what drivers pushed up demand? We propose a new decomposition analysis
to explain the land demands of croplands (L) taking into account: the population
increase (P); changes in consumption patterns, especially diet, since most of the
cropland’s biomass consumption is destined to food (D, estimated as the kcal con-
sumed per inhabitant) and land yields (Y, estimated as land required to produce each
kcal).
L = P ∗ D ∗ Y (3)
The twentieth century has been characterized by profound changes to the three
factors under study. Land productivity has significantly increased, generating con-
siderable savings in demanded area. According to Soto et al. (2016) production per
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hectare (dry matter) of the cultivated areas has multiplied by 3.2, going from 1.8 to
5.7 t/ha between 1900 and 2008. However, other variables have weighed on demand
for land in the opposite direction. The population has multiplied by 2.5, increas-
ing from 18.6 million inhabitants to 46.5 million. Consumption patterns have also
changed towards more land-demanding models. Not only has direct consumption
increased (biomass has grown by 26% per inhabitant) but the diet has changed, with
a greater presence of animal products, that are more land-use intensive. How has
each of these changes affected the increase in acreage demands documented above?
Graph 6.7 shows the results of the decomposition analysis. Throughout the study
period, cultivated area demands grew by 6.0Mha. Production intensification allowed
to save 27.1 Mha, however, the population increase required 17.6 Mha and the con-
sumption patterns change required 15.6 Mha. Production and technological change
could have been enough to continue feeding a growing population, however, changes
in food consumption patterns made that impossible.
These drivers have behaved unevenly throughout the study period. In this sense,
three major periods can be distinguished: between 1900 and 1933 these drivers
increased demand for land by 3.8 Mha, made it drop by 0.7 Mha between 1933
and 1960 and pushed it up again by 2.9 Mha between 1960 and 2008. In the first
period, the increase was mainly motivated by population growth. Although produc-
tion intensification succeeded in saving enough land to face consumption changes,
it was insufficient to sustain the rapid population growth. The second period was
marked by lower population growth and the atypical behavior both of land intensi-
fication (productivity decreased) and consumption patterns (per capita consumption
decreased). Thiswas due to autarkic politics duringEarly Francoism.During the third
period, the increase in total demand was somewhat lower than during the first, how-
ever, the drivers had stronger impacts: the population grew much faster (demanding





































Graph 6.7 Decomposition of the variables that affect cropland demand. The variables considered
are population changes, consumption pattern variations and land yields. All variables are expressed
in millions of hectares
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patterns became much more land-demanding (requiring 23.6 Mha). The second half
of the twentieth century was thus characterized by an unprecedented acceleration
of land demand drivers. In the last decade, however, demand has stabilized due to
changes in consumption patterns.
The observed evolution can be interpreted as a “rebound effect” case: improve-
ments in efficiency (i.e., land yields) were absorbed by changes in consumption
patterns (i.e., an increase in food intake and waste by inhabitant and change in food
consumed) so that aggregate consumption continued to grow. Globally, population
increase between 1960 and 2005 was a more determining driver than diet. In fact,
according to Kastner et al. (2012), southern Europe along with East Asia were the
only territories where a diet change was a more important driver of land demand than
population change.
What has this diet change consisted of and how did it come about? In previous
analyses (González de Molina et al. 2013, 2014, 2017) we estimated apparent food
consumption from 1900 to 2008. The results show a differentiated eating behavior
between the first and the second half of the twentieth century. Table 6.5 shows the
amount of both vegetal and animal biomass aimed at endosomaticmetabolism in tons.
Total biomassmultiplied by 3.3 during the entire study period, apparent consumption
grew significantly between 1900 and 1933 and grew again, to an even greater degree,
from 1960 until today, almost doubling the amount of consumed biomass. The major
driver of this growth was animal biomass that multiplied by 7, while vegetal biomass
increased by a factor of 2.6. While animal biomass contributed just over 16% of total
consumed biomass at the beginning of the century, that percentage had risen to 35%
in 2008. The trends are easier to identify when analyzed in per capita terms.
As shown inTable 6.6, per capita consumption increased by39.1%, that is, demand
for food biomass grew not only because of population growth but also because of
diet changes. The change was led by animal biomass: while the consumption of
Table 6.5 Apparent net
biomass consumption
(deducting losses) in t of fresh
edible food (1900–2008)
Year Vegetal biomass Animal biomass Total biomass
1900 8,809,163 1,722,193 10,531,356
1910 9,216,040 2,076,013 11,292,053
1922 10,872,487 2,378,680 13,251,168
1933 12,584,553 2,701,503 15,286,055
1940 10,655,118 2,913,993 13,569,112
1950 10,803,102 3,298,027 14,101,128
1960 13,930,829 4,546,685 18,477,614
1970 17,015,648 7,120,757 24,136,405
1980 20,064,341 9,513,501 29,577,841
1990 22,310,436 10,792,822 33,103,259
2000 21,676,647 12,119,428 33,796,074
2008 22,931,836 12,250,486 35,182,323
Source Author’s compilation based on agrarian statistics
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Table 6.6 Apparent consumption per food group (g/per capita/day in fresh edible food)
1900 1933 1950 1970 1990 2008
Cereals 320.5 326.0 224.7 216.4 161.6 180.8
Legumes 46.6 49.3 35.6 35.6 16.4 16.4
Roots and tubers 241.1 383.6 249.3 263.0 235.6 131.5
Vegetables 263.0 276.7 238.4 293.2 405.5 345.2
Fruits 101.4 93.2 98.6 172.6 265.8 219.2
Nuts 13.7 8.2 8.2 5.5 8.2 8.2
Oilseeds 2.7 2.7 5.5 8.2 13.7 21.9
Alcoholic drinks 265.8 216.4 145.2 254.8 315.1 328.8
Oil 30.1 43.8 30.1 49.3 79.5 87.7
Sugar 16.4 30.1 24.7 82.2 71.2 71.2
Meat + fat 38.4 54.8 32.9 106.8 224.7 243.8
Eggs 8.2 11.0 11.0 27.4 32.9 24.7
Dairy products 197.3 216.4 252.1 391.8 449.3 419.2
Fish 11.0 24.7 27.4 52.1 54.8 65.8
Honey 1.1 0.8 0.5 0.8 1.6 1.9
Vegetal biomass 1301.4 1430.1 1060.3 1380.8 1572.6 1411.0
Animal biomass 255.9 307.7 323.8 578.9 763.3 755.3
Total 1557.3 1737.8 1384.1 1959.7 2335.9 2166.3
Source Author’s compilation based on agrarian statistics
vegetal biomass per capita grew by only 8%, animal biomass tripled. This increase
was constant over time, including during Franco’s Autarky, but has been much more
intense since the 1960s. The apparent consumption of animal biomass per capita
grew modestly during the first half of the century (26% since 1900); but between
1960 and 2000, consumption more than doubled reaching 827.4 g/person/day having
slowed down in the last decade. While animal biomass barely represented 16% of
total consumed biomass in 1900, it currently reaches almost 35%: a transition from a
plant-based diet to a diet where livestock products play a major part has undoubtedly
taken place. The same table disaggregates previous data per food groups, revealing
a substantial decrease in the consumption of cereals, legumes, roots and tubers and,
conversely, a significant increase in the consumption of meat, dairy products, fish,
oil, sugar and alcoholic beverages.
Table 6.7 shows the energy value expressed in calories per person per day. Con-
sumed calories increased in line with biomass consumed, i.e., by 30% between 1900
and the year 2000, the year of maximum intake. Except in the forties and fifties, the
amount of biomass loosely satisfied basic energy requirements. These requirements
were calculated by Cussó (2005; Cussó et al. 2017) and determined at around 2260
for 1900; 2314 for 1960 and 2434 for 2011. The most significant fact, however, is
that this increase is mainly due to food intake of animal origin. The cereals group,
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Table 6.7 Apparent consumption of biomass in calories, deducting losses (1900–2008)
Year Vegetal biomass Animal biomass Total biomass
Calories % Calories % Calories %
1900 2328 91.2 224 8.8 2552 100.0
1910 2370 90.4 251 9.6 2621 100.0
1922 2588 90.2 281 9.8 2869 100.0
1933 2646 90.6 276 9.4 2922 100.0
1940 1959 88.6 251 11.4 2209 100.0
1950 1888 87.4 272 12.6 2160 100.0
1960 2400 86.6 374 13.4 2774 100.0
1970 2406 81.7 538 18.3 2944 100.0
1980 2409 78.5 659 21.5 3069 100.0
1990 2398 74.6 816 25.4 3214 100.0
2000 2434 72.8 908 27.2 3342 100.0
2008 2401 74.1 841 25.9 3242 100.0
Source Author’s compilation based on agrarian statistics
including legumes and potatoes, used to form the basis of the diet and shifted from
accounting for 40%of ingested energy in 1970 to just over 27%at present. In contrast,
meat, eggs, and dairy products used to provide 17% of energy in 1970 increasing
to 23% today. In the year 2000, both food groups provided a similar percentage of
energy: 24 and 25%, respectively. Oil consumption has also increased and now pro-
vides almost a quarter of the calories in 2008. If we add oil, mainly olive oil, both
groups of foods, accounting for 47% of calories, today form the basis of the Spanish
diet (González de Molina et al. 2014).
Growth of DE and SB thus allowed feeding the Spanish population until the civil
war undoubtedly on an essentially vegetarian diet. Caloric intake in the thirties was
similar to that provided by the German or Austrian diet and higher than the average
diet in Holland, France, Italy or Greece (Cussó 2005, 353). Table 6.7 shows the
depth of the food crisis that Spain experienced as a result of the agrarian policy of
successive Francoist governments until the beginning of the 1960s. In contrast with
the idea that hunger and malnutrition were a thing of the past, overcome during
Franco’s dictatorship and thanks to the economic progress favored by the regime,
the data persistently shows that “the hunger years” were an exclusively Francoist
phenomenon, caused by the dictatorship, its economic policy and fierce repression
after the end of the war. It would take two decades to overcome the crisis. Indeed,
shortly before the Civil War began, the amount of calories per capita ingested by a
Spanish citizen per day was 29% higher than needs, an amount that would not be
reached until the beginning of the seventies.
During the last four decades of the twentieth century, there has been a major
increase in calorie intake (20%), higher than that between 1900 and 1933 (14.5%),
excessively beyond needs. Perhaps the most striking fact is that this increase has
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been achieved through the rising intake of products of animal origin (see Table 6.7).
In fact, the amount of calories provided by vegetables has fallen continually since
the thirties, when they contributed the most (2646 calories).
Graph 6.8 shows the protein composition of food consumed throughout the twenti-
eth century. According to calculations by Cussó (2005, 345) the Spanish population’s
protein requirements, between 35.6 and 35.8 gr per person per day, were amply cov-
ered. A steady and prolonged tendency to substitute vegetable proteins with animal
proteins can be observed despite the fact that during most of the twentieth century
it was vegetables that provided the bulk of the proteins. Currently, two-thirds come
from animal biomass. The graph shows the major role of meat and dairy products in
protein intake in recent years to the detriment of cereals, legumes, and potatoes.
Graph 6.9 shows the composition of consumed foods in lipids or fats. A distinctive
sign of Mediterranean consumption patterns has been the intake of vegetable fats,
among which olive oil stands out. However, there has been a growth in animal origin
fat consumption and it now reaches over a third. The contribution of fats today
comes basically from olive oil, meat, and dairy products. The percentages provided
by the nutritional assessment of the Spanish diet, based on official data provided by
the Panel of Food Consumption (Varela Moreiras et al. 2008, 48) are quite similar.
Meat consumption has more than quadrupled, from 56 g/capita/day in the 1960s to
243 g/capita/day at present, pork and chicken meat having grown the most. Milk
consumption increased from 291 g/capita/day to 488 g/capita/day and that of eggs
from 15 g to 25 g/per capita/day.
The data analysis allows distinguishing three different periods in the evolution
of Spanish diets. A first period runs from the beginning of our study, in 1900, until
the Civil War, a period in which the transition towards a typical Mediterranean diet
initiated long before reached its peak. A second phase, between the forties and the
seventies, runs during the Franco dictatorship: after having overcome a long and deep



































































Graph 6.8 Apparent net protein consumption, by food group, in grams per inhabitant per day





































































Graph 6.9 Lipid contribution of apparent consumption, grams per inhabitant per day
recovered. Thus, until the 1970s, typical Mediterranean diet consumption patterns
would predominate in Spain, implying adaptations to the conditions and dynamics
of Spanish agroecosystems (González de Molina et al. 2014). However, since that
decade, typical developed country food consumption patterns have been adopted
(European Commission 2015), moving increasingly away from the WHO recom-
mendations (Rodríguez Artalejo et al. 1996; Nicolau and Pujol 2011), a phenomenon
that has been called the ‘westernization’ of the diet (Kearney 2010). Del Pozo de
la Calle et al. (2012) calculated the so-called Mediterranean Diet Score (MDS) and
found that Spain obtained a score of 4 in 2008, on a scale of 0–9, where 9 is the
maximum adaptation to the Mediterranean diet. These habits explain why 60.9% of
the Spanish population is overweight (39.3%) or obese (21.6%) (Aranceta-Bartrina
et al. 2016). They are also associated with degenerative diseases (Tilman and Clark
2014) and colorectal cancer (DeMarco et al. 2014, 69). The diet is based, as we have
seen, on high consumption levels of livestock products, on the excessive intake of
proteins and fats of animal origin and on the increasing deficit of carbohydrates.
Demand for meat, dairy products, and eggs, has thus especially increased, funda-
mentally changing the agricultural sector’s production orientation: since the 1960s,
production has been largely oriented towards animal feed. This trend has intensi-
fied in recent decades. The Spanish agrarian sector reacted between 1960 and 2008
through the spectacular growth of livestock, the massive introduction of inputs, the
concentration of biomass extractive efforts in cultivated areas and, paradoxically, the
relative abandonment of pasture and forest lands. But these changes in food demand
have beenmet only in part by domestic production. Livestock and changes to its com-
position, with monogastric animals playing a greater role, has been made possible
thanks to growing imports of biomass for animal feed from other European Union
and Latin American countries (Infante and González de Molina 2013). Foreign trade
is therefore key in the Spanish agri-food system: on the one hand, foreign trademakes
the specialization of Spanish agriculture (in oil, horticultural products and pig meat)
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possible, providing outlets in international markets, especially in Europe; and on the
other hand, foreign trade supports Spain’s growing consumption of meats and dairy
products, providing a very important percentage of animal feed. This phenomenon is
consistent with the data obtained by research on the evolution of the nitrogen cycle
in Spain between 1961 and 2010, which showed Spanish livestock’s growing depen-
dence on imported protein, especially from Latin America (Bouwman et al. 2013;
Lassaletta et al. 2014).
In short, until the 1960s, the Spanish diet was “coupled” with DE and SB satisfied
the bulk of food demand. We could say that the domestic market and food demand
were the main drivers of agricultural production and its production orientation. In
other words, the I + S of Spanish agriculture was stimulated by population growth,
but also, as we will see next, by diet improvements compared to 1900. This linkage
had dramatic consequences, causing an unprecedented food crisis when the Fran-
coist regime’s international isolation and its autarchic policy reduced the flow of SB.
Spanish food production enjoyed, until then, a high degree of autonomy and what
we would call today food security, in direct contrast with the situation today, where
foreign trade is decisive and food autonomy has declined considerably: the livestock
sector (and its supply of meat and dairy products) is currently dependent on feed
imports. The sector is also dependent on Central European market, a preferential
outlet for its fruit and vegetable production, the main specialization of Spanish agri-
culture. The issue can also be approached the otherway around: domestic agricultural
production accounted for Spaniards’ food consumption to a very high degree, and
therefore, changes in production can largely explain changes in food consumption
habits.
What caused these important diets changes and, consequently, the demand for
vegetable products and above all animal products? The relationship between per
capita income increase and the increase in energy content and animal proteins in
diets is well known (European Commission 2015, 8, for a review, see Tilman and
Clark 2014). This certainly occurred in Spain, facilitated by cheaper food (Kearney
2010) and the loss of relative weight of food expenses in household budgets, which
went from 48.7% in 1960 to 16.8% in 2015 (Martín Cedeño 2016, 222). But income
growth only explains increases in meat and dairy product consumption as well as
the gradual loss of the Mediterranean diet. It does not explain, however, why this
increase in meat has been based on monogastric livestock, dependent on imported
quality grains and not on pastures or harvest residues. Graph 6.10 compares the
evolution of the prices paid by consumers for pork and chicken meat and other foods
of animal origin, with the evolution of selected groups of basic vegetable foods.
We can observe that foods of animal origin have become progressively cheaper,
while vegetables have become more expensive. This explains why pork and chicken
meats, eggs, milk, and yogurt have eventually become as affordable as bread, cereals,
legumes, fruits and vegetables. The cheapening of pork is especially striking, due to
the economies of scales of increasingly concentrated intensive farms and the import
of cheap grains (corn and soybeans), which has cheapened end prices of these meats.
In 2015, Spain even turned into the biggest pork exporter in the EU (Rousseau 2016).
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(c)
Graph 6.10 Comparison of the prices paid by consumers for some animal (a) and vegetable
products in 2016 constant euros (b), in 2016 constant euros and in percentage of 1981 prices (c).
Source Household Budgets Survey and Continuous Household Budgets Survey (INE 1980–2105)
Moreover, the acute processes of livestock farm concentration, production process
industrialization (Domínguez Martín 2001; Clar, 2005, 2008; Clar et al. 2015) and
vertical integration in the agri-food industry, explains increases in offer and reduced
production and prices. Both pig and poultry farming are a good illustration of this
major transformation (Segrelles Serrano 1993; Clar 2010; Fundación Cajamar 2011;
MAPAMA 2013 and 2016a, b).
As we have seen, the globalization of food markets has turned Spain into a net
importer of biomass, favored by the comparatively lower prices of agricultural com-
modities (soybean, corn, etc.) in internationalmarkets, the basis of intensive livestock
feed (Mayer et al. 2015; Falconí et al. 2016).What has actually happened, as we have
shown above, has been a shift towards third countries with lower production costs
for parts of the land consumed by the Spanish agri-food system. Our results suggest
that foreign trade has saved c. 18 million hectares (data for 2010) that would have
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been cultivated in the country’s interior territory in case it had not been possible to
access those markets and maintain current levels of consumption.
6.6 Conclusions
The traditional narrative judges the agrarian transformations that took place during
the twentieth century positively, especially since the 1960s with the sector’s indus-
trialization. It emphasizes that Spanish agriculture underwent a significant intensifi-
cation process leading to a threefold production increase and multiplying its value
by five based on constant prices. The secret to this success was production intensifi-
cation and specialization, achieved thanks to yield increases per unit area. Growth of
cereals, fruits and vegetables, forage plants and olive groves were especially intense
and reflected Spanish agriculture’s progressive specialization in these crops. Greater
still was livestock production growth, which multiplied by a factor of 8.2 over the
same period. Its overall weight in the sector increased, reaching almost 17% of agri-
cultural production value. Meat and egg production was the major player in this
unusual livestock growth. Milk production multiplied by five, though it represented
the major livestock production in 1900. The picture emerging from Spanish agri-
culture’s biophysical analysis is less bright and downplays the scale of this growth,
weighing it down with the effects on the environment and farmers, that is, on the
sector itself. Conventional discourse barely contemplates the centrality of the sector
as a whole: it attributes a subordinate role to agriculture and focuses on assessing
agriculture’s contribution to the country’s economic growth.
From a biophysical perspective, which necessarily considers NPP as a whole,
biomass grew by only 28.5%, a figure far from that of evaluations in monetary values
and fresh weight. How can we account for the difference between both narratives?
Between 1900 and 2008, Spanish agriculture transitioned from an organic metabolic
regime to an industrial regime, and this process has accelerated in recent decades.
The transformation consisted of a greater appropriation of biomass produced by
agroecosystems for human use to the detriment of other species. This has been
possible by transferring extraction efforts from pastures and forests to croplands;
translocating the photosynthetic capacity of plants grown from straw to grain (arable
crops) or from the trunks and leaves to the harvestable fruit (woody crops) simplifying
the multifunctionality of the crops; reducing rotations and breaking the integration
between different land uses; and shifting the production orientation from human
consumption to animal consumption (livestock farming), driven by changes in the
diet. These changes have prevented the completion of physical–biological cycles and
have required the use of large amounts of external inputs manufactured and driven
by fossil fuels. Production limitations proper to organic-based societies have been
apparently overcome (Wrigley 2016), allowing for substantial Spanish population
growth and, above all, for increasing levels of consumption.
These transformations, however, have been possible at the cost of a deterioration
of the fund elements not only of Spanish agroecosystems but also of third countries.
Biophysical funds have mostly undergone negative changes: not only have the funds
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that allow tomaintain ecosystem services in good conditions such as soil fertility, bio-
diversity, carbon sequestration, water quality, etc. deteriorated, but they have become
an active source of pollution and lead to the depletion of scarce resources such as fos-
sil fuels or sources of mineral nutrients. In contrast, the weight or dissipative effects
of livestock have risen disproportionately, consuming almost 60% of both DE and
foreign trade biomass and requiring a similar amount of inputs. Livestock has lost its
ties to the land and its maintenance is almost decoupled from it. Livestock represents
the biggest source of emissions in the sector and contamination by slurry. The rela-
tionship between both funds has been almost completely lost, weakly maintained by
extensive and semi-intensive livestock, whose production and consumption weight
is hardly relevant.
Perhaps the most significant deterioration is the ongoing shrinking of the agrarian
population. The existing population is aging and threatened by a lack of generational
replacement. It is, however, a key fund for the future viability of sustainable agrarian
activity. On the other hand, the technical means of production, i.e., the other social
fund has increased in size. As we saw in Chap. 3. It has acquired excessive weight
and has turned the metabolism of Spanish agriculture into a structure of high entropy
dissipation, which requires a constant and growing supply of energy, mostly from
fossil sources. The congruence between the two social funds, population and tech-
nical means of production, has also been broken: not only from the perspective of
their respective sizes but also regarding the information flows making it possible to
manage the technical means. These flows barely come from the farmers themselves,
but from the companies that supply the inputs. Agrarian activity has become a lucra-
tive market for input industries that promote technologies that are remote for farmers
whose main purpose is to ensure the continuity of the business. The congruence
between physical funds and social funds has thus been broken, but also the congru-
ence between them: the activity does not ensure the reproduction of the agrarian
population and hinders the reproduction or replacement of the technical means of
production. Its use helps to produce more, but only in a limited way, and yet it has a
negative impact on the territory and generates monetary costs that further depress the
income that the other funds must support. The industrial metabolic regime, which
was imposed from the 1960s, has implemented a form of operation that compro-
mises not only the environmental health of agroecosystems but also the viability of
the agricultural activity itself as we know it today.
The significant contribution of the agrarian sector to a country’s economy should
certainly be relevant, if only because it produces the food required to support the pop-
ulation, providing employment and maintaining an ecological infrastructure that is
essential for the functioning of society. But a legitimate question is whether increas-
ing levels of land or labor productivity should be achieved at the expense of the
deterioration of the fund elements that make agrarian activity itself possible and
whether successive increases in labor and land productivity can be maintained indef-
initely. What limits should we set to the constant transfer of capital, income, labor,
to the activity’s profitability losses, job destruction, lack of generational change,
etc.? The hypothesis defended in this book proposes that the prevailing industrial
model, due to its intrinsic characteristics, leads to either collapse of agriculture or to
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the spending of considerable public resources (subsidies) to delay its collapse. It is
urgent to redefine the role of the agrarian sector in the economy and, consequently,
to determine which criteria should be used to value the place of agriculture in the
economy. This redefinition requires thorough discussions that have only just begun
and that are likely to continue over the next few years. We hope that the conclusions
of the analysis presented in this book will contribute to the debate.
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Epilogue
To this day, the trends identified until 2008 have not only been persisted, but have
intensified. The data available for 2017 show that there have been no great variations
in land uses, but the trends already mentioned in Chap. 2 seem to persist: Pastures
and woodlands continue to grow (by 0.8 and 0.3%, respectively), while areas under
cultivation keep declining (−0.9%). Within the latter, arable crops have continued to
lose surface area (−1.1%). This trend shows that land abandonment is ongoing. The
number of farms has fallen from 1,069,700 in 2007 to 933,000 in 2016, according
to the farm survey. UAA size per farm has remained stable, which means that farm
numbers continue to drop due to the abandonment of activity, especially inland,where
deagrarization and depopulation jeopardize the verymanagement of agroecosystems.
We can also observe a decline in monetary terms, both in the volume of agricul-
tural production and in the final production value, confirming the latest statistical
data. Like its neighboring countries, Spain’s agricultural production seems to be
somewhat stagnating. In terms of fresh matter, the volume of agricultural production
decreased between 1990 and 2015 by 5.8%. Industrial crops, forage production, and
cereals declined themost. This does not mean that the domestic consumption of plant
products has decreased; on the contrary, it has continued to grow. In fact, livestock
production, dependent on cereals and fodder, increased by 37.6% over the same
period. And, unlike agricultural production, livestock production has grown steadily
until today, precisely as the domestic consumption of meat and milk has begun to
slow down (del Pozo de la Calle et al. 2012). There has also been a growing ten-
dency to replace these products with production purchased on international markets
(Witzke and Noleppa 2010; Infante and González de Molina 2013; Infante-Amate
et al. 2018). The balance between imports and exports shows a deficit of more than
3,794.2 million euros in the “other food” category, which includes the bulk of animal
feed. Spain has become a net meat exporter, with a favorable balance in 2015 of more
than 3600 million euros, i.e., 38.6% of the total net balance of foreign trade in the
food, beverages, and tobacco section (MINECO 2017). The production orientations
that now provide a higher gross margin of exploitation (2016 data) continue to be
intensive landless livestock farms, thanks to cheap feed and vertical integration in
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the chain. A new specialization has been added to Spain’s traditional production of
fruits, vegetables, and olive oil: meat for export, especially pork. This explains that
according to Spain’s National Statistics (INE 2017, 384), the value of agricultural
production increased by 8.3% and agricultural income by 6% since 2009 (in 2009
prices), despite stagnating agricultural production.
Spain’s agricultural industry’s progressive integration into global agriculturalmar-
kets has been consolidated. The Spanish agri-food system requires ever more raw
materials to function. Imports of biomass have therefore become decisive. Resorting
to international markets explains that domestic consumption continues to increase
and, at the same time, that it is compatible with the abandonment of low-productivity
farmland, the underutilization of pastures, and farmers’ abandonment of activity.
Unless these trends are reversed, the system could collapse. Paradoxically, the quest
for a decent income has led many farms that cannot follow the path of intensifica-
tion for lack of soil, climate, and water capacity to turn to organic farming (OF);
an agricultural orientation that a priori should reverse these trends. In fact, organic
farming constitutes more than a seal of differentiated quality, as the sector’s agents
and institutions themselves often regard it.
Organic farming (OF) has grown significantly in recent years, in terms of both
surface area and producers, associated agribusiness and market volume. In 2015, OF
reached 50.9 million hectares (1% of the UAA) and accounted for 75,000 million
euros worldwide, of which 11.2 Mha (6.2% of the UAA) and 27.100 Me corre-
sponded to the European Union (EU) (Willer and Lernaud 2017). Spain is the fourth
country in the world in size of certified ecological managed surface area, after Aus-
tralia, Argentina, and the USA (Willer and Lernaud 2017). It is the first country in
Europe with 2.02Mha in 2016 (8.7% of the UAA) (MAPAMA 2017a, b) (Graph 7.1)









































Graph 7.1 Evolution of organic farming surface area and number of farms in Spain, in thousands
of hectares. Source MAPAMA (several years)
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Graph 7.2 Distribution by
production orientation of
certified organically









Spain’s OF surface area is generally oriented toward livestock production, since
52% of the certified area corresponds to pastures and grasslands (MAPAMA 2017a).
The remaining 48% is cultivated land and is distributed equally between arable and
permanent crops (Graph 7.2). As a result, 5.7% of the cultivated land is classified as
ecologically managed, compared to 11.2% of the pasture area (MAPAMA 2017a, b).
Andalusia, with 48.4% of the certified area, and Castilla-La Mancha, with 19.4%,
concentrate most of Spain’s surface areas under ecological management.
OF has been a refuge for extensive livestock, especially in Andalusia, where
significant agri-environmental aid has favoured its conversion. In 2015, 3.4% of
ruminants were ecologically managed in Spain and 64.3% of them in Andalusia.
However, monogastric animals have barely undergone conversion (<0.1%), given
the almost absolute decoupling of cattle with the land. Ecological livestock strongly
tied to the land through grazing contributes to reducing the risk of fires, which is
essential inMediterranean ecosystems to prevent large areas fromdeteriorating. Land
degradation lessens its capacity to store CO2, whether in the soil or in the biomass
(Graph 7.3).
Graph 7.3Evolution of the number of livestock heads under certified organicmanagement in Spain,
thousands of head. Source MAPAMA (several years)
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OF does not use chemical fertilizers, so farmers must rely on organic nutrient
sources (manure, crop and agri-industry residues, legumes, etc.). Using these types
of fertilizers implies that the soil receives a greater amount of organic matter than in
conventional systems. This drives the accumulation of organic carbon, generating a
synergistic effect of adaptation and climate change mitigation by increasing climate
resilience, while carbon from the atmosphere is trapped in the soil. Organic farming
systems store significantlymore carbon than conventional systems, but themagnitude
of this sequestration depends to a large extent on the quality and quantity of organic
inputs (Aguilera et al. 2013a). For example, several studies on Andalusian olive
groves have shown that the chopping of pruning residues, the use of olive solid waste
compost as an organic amendment, and the maintenance of vegetation cover in olive
groves significantly increase the soil’s organic matter and remove CO2 from the
atmosphere, these practices being common among organic olive farmers (Nieto Cobo
2011; Gómez-Muñoz 2011). On the other hand, organic fertilizers in Mediterranean
conditions contribute to the reduction of direct and indirect emissions of nitrous
oxide (N2O), a potent greenhouse gas (Aguilera et al. 2013b). As a result, Spanish
OF is significantly contributing to reducing GHG emissions (Aguilera et al. 2015a,
b), especially in woody crops, such as olive groves, and subtropical or citrus crops
(Aguilera et al. 2015a).
Organic farmers oftenworkwith awider range of crops, including legumes.Diver-
sification contributes to resilience against variations in climate, mainly through better
control of pests and diseases, a more efficient use of natural resources and a reduc-
tion in economic risks. In addition, the use of traditional crop varieties and breeds is
spreading in ecological agriculture and livestock, this latter sector being recognized
as a refuge for the conservation of agrodiversity (CAP 2012). For example, 75%
of outdoor organic horticulturists in Andalusia and Castilla-La Mancha use some
traditional crop variety, which is related to the development of local markets as a
destination for organic production (Martín Sánchez et al., in preparation). Together,
Mediterranean varieties and breeds represent a huge genetic reservoir that is ideal for
selecting specific adaptations in a context of changing climatic conditions (Di Falco
and Chavas 2008). In addition, traditional varieties often generate a greater amount
of residue available for the soil, as is the case, for example, of cereal varieties, without
differences in grain yields under rainfed conditions (Carranza-Gallego et al., under
review).
Spanish OF not only leads to crop diversity, but also favors wild varieties. Several
comparative studies conducted in Spain show that the biodiversity of wild flora and
arthropods is greater in ecological farms (Jerez-Valle et al. 2015; Ponce et al. 2011;
Chamorro et al. 2016). In addition, ecological farms usually consume less non-
renewable energy, mainly because they avoid the use of synthetic nitrogen fertilizers
that require intensive use of fossil energy. At the same time, unlike in temperate
areas, the use of machinery in Mediterranean farming systems is often no greater
than in conventional systems (e.g., Kavargiris et al. 2009; Alonso andGuzmán 2010).
In a study on 78 pairs of ecological and conventional farms, Alonso and Guzmán
(2010) found an increase in the efficiency of non-renewable energy and a reduction
in its consumption compared to their conventional counterparts. On average, organic
Epilogue 221
farming uses 24% less non-renewable energy. Therefore, the use of non-renewable
energy in Spanish agriculture could be reduced considerably if the area dedicated
to organic farming were increased. Meanwhile, Spanish agriculture would become
more autonomous. There is, however, still room to increase non-renewable energy
savings in organic farming through the application of other cleaner technologies
(photovoltaic, biofuels, etc.), reduction of tillage and so on.
Overall, OF can make a notable contribution to mitigating climate change, but
OF also represents an adaptation to a context of increasing global energy shortages.
Spain is very energy dependent, making the country especially vulnerable to possible
supply cuts or price increases caused by oil peaks and the projected impact of climate
change on global trade (Isbell 2006). In this regard, dependence on fossil energy in
Spanish agriculture needs to be urgently reduced, and OF can help achieve this goal.
Lastly, OF is currently a viable economic alternative for many farmers and ranch-
ers. Demand for organic food is growing even over the latest years of crisis (Willer
and Lernoud 2017) driven by the population’s health and environmental concerns.
Alonso et al. (2008) have shown that, on average, OF obtains lower yields in Spain,
but it also benefits from higher prices, higher revenues, more stable costs—upward
or downward cost trends are avoided, as costs vary according to each crop—and a
more favorable economic balance. The higher differential price obtained by organic
farmers is related both to the product’s higher end price and to receiving a greater
share of those end prices, via shorter distribution channels (home deliveries, con-
sumer associations and cooperatives, online sales, bio-trade fairs, on-farm sales and
direct supply to specialized stores and social consumption centers—schools and
hospitals—among others). Their income is directly influenced by yields and prices,
but also by received subsidies. European organic producers have access to specific
agri-environmental aids for their management. OF farmers’ average age is consider-
ably lower than that of conventional farmers, and the percentage of women heading
organic farms is higher than in the rest of the sector. In Spain at least, OF is a positive
factor of generational change and maintenance of farms in the country’s interior,
where depopulation risks are greatest.
OF is, therefore, a more sustainable alternative to industrial agriculture. It seems
to reverse, in part at least, the degradation of agroecosystems’ fund elements. Never-
theless, OF has to overcome some major challenges. As pointed out in another study
(Ramos-García et al. 2018), OF is undergoing an important process of conventional-
ization; i.e., alternative features that distinguish it from the dominant model are being
eroded, and therefore OF is losing its ability to reproduce an organic version of the
conventional model. The reasons for this should be sought in its institutional frame-
work: The practices of OF directed toward sustainability are penalized economically.
OF is thus pushed toward a behavior similar to that of conventional producers, using
a large amount of industrial inputs or selling production via channels controlled by
large supermarket chains. If institutional obstacles are not removed and no strongly
supportive public policies are implemented, the conventionalization process men-
tioned above may not only limit OF growth, but also seriously affect its capacity
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Annex I
Calculation of the Physical Production Series
of Spanish Agriculture
In this annex, we describe how we built the physical production series that supports
the results described in this book. In other works, we developed the methodological
aspects and theoretical foundations based on the adaptation of social metabolism
methodologies to the characteristics of agriculture and livestock (Guzmán et al.
2014; Aguilera et al. 2015; Soto et al. 2016a, b; Guzmán et al. 2017). In this section,
we will therefore limit ourselves to analyzing the sources used and the problems
we faced when estimating series for which there is no direct information in Spanish
primary sources.
A.1.1 Sources and Methodological Decisions to Calculate
the Domestic Extraction of Vegetal Biomass
The examination of the biophysical evolution of Spanish agriculture requires col-
lecting and processing a huge amount of quantitative information. This requirement
limits the chronological reach of this type of research. The pivotal moment for agri-
cultural statistics was the constitution in 1879 of the agronomic service that used
provincial agronomists and was directed by the Provincial Advisory Board (later the
Agronomic Advisory Board, the Junta Consultiva Agronómica or JCA, by its Span-
ish acronym used hereon),1 part of the Ministry of Public Works. Spain’s modern
agricultural statistics began with this reorganization of the agronomic services.
The regulation approved in 1891 established, as recommended by the interna-
tional organizations of the time, an indirect method to calculate production; it was
1The detailed history of these processes and an evaluation of their reliability can be found in GEHR
(1991). A more recent review of historiographic opinions on the construction of statistics and their
reliability can be consulted in Soto Fernández (2002)
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obtained by multiplying average yields by the harvested surface. This indirect pro-
cedure, which remained in force until 1928, was designed to avoid concealment of
production. Therefore, the reliability of the data during the first third of the twen-
tieth century is determined by the accuracy of the calculation of the yields and by
the quality of the information collected on the harvested area. Yields were obtained
through field observation by provincial engineers. The harvested area was obtained
thanks to all available information (assessments and cadastral information) so its reli-
ability would also vary according to the provinces’ different abilities in performing
advanced cadastral work.
During the 1880s, the JCA gathered information (mainly from the second half of
the decade) that culminated in the publication between 1890 and 1892 of specific
reports on olives, vineyards, and cereals in addition to another on livestock.2 The JCA
began to publish annual statistical data on the main productions of theMediterranean
trilogy (cereals and legumes, vineyards, and olives) from 1891. Complete data on
surface areas, production, and yields were only published as from 1898. From this
moment until 1928, we dispose of two sources of information on crop production that
differentiate themselves by the quality and quantity of the data provided. The first
source is an annual series of cereals and legumes, vineyards, and olives. These groups
represented between 63% and 68% of primary crop production in dry matter until
1936. They undoubtedly constitute the most reliable data, both in terms of temporal
continuity of the series, because they represent the productive basis ofMediterranean
Spain, where the state’s administration had more control over the territory. We do
not dispose of a continuous series for the rest of the production until 1928. We
do dispose of partial information that allows us to reconstruct practically all the
crop production in 1910 and some of the major production in 1900. In addition to
annual statistics, the provincial engineers of the JCA had to advance annual reports
on specific topics (irrigation and fertilization). Some of these advance reports offer
sufficient information on several crops. In 1902, a first attempt was made to collect
data on other produced crops, but they did not achieve a wide coverage.3 In 1904 and
2Dirección General de Agricultura, Industria y Comercio, Avance estadístico sobre el cultivo cereal
y de leguminosas asociadas en España formado por la Junta Consultiva Agronómica, 1890, quin-
quenio de 1886 a 1890 ambos inclusive, Madrid, Tipografía de L. Peant e hijos. Dirección General
de Agricultura, Industria y Comercio, Avance estadístico sobre el cultivo y producción del olivo en
España formado por la Junta Consultiva Agronómica, 1888, Madrid, Tipografía de L. Peant e hijos,
1891. Dirección General de Agricultura, Industria y Comercio, Avance estadístico sobre el cultivo
y producción de la vid en España formado por la Junta Consultiva Agronómica, 1889, Madrid,
Tipografía de L. Peant e hijos, 1891. Dirección General de Agricultura, Industria y Comercio, La
ganadería en España. Avance sobre la riqueza pecuaria en 1891 Formado por la Junta Consul-
tiva Agronómica conforme a las memorias reglamentarias que en el citado año han redactado los
ingenieros del servicio agronómico, Madrid, Tipografía de L. Peant e hijos, 1892.
3In particular, potatoes, sugar beet, fodder beet, turnips, saffron, flax, hemp, orange, lemon, carob,
pomegranate, almond, fig trees, and apple trees. Ministerio de Agricultura, Industria, Comercio
y Obras Públicas, Dirección General de Agricultura, Noticias estadísticas sobre la producción
agrícola española por la Junta Consultiva Agronómica, 1902, Imprenta Alemana, Madrid, un
dated.
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1912, records were dedicated to meadows and pastures,4 those of 1910 to fruit trees
and bushes aswell as tubers,5 and those of 1911 to horticultural and industrial plants.6
This first stage in the history of Spanish agricultural statistics rounded up in the 1922
compendium, which for the first time succeeded in producing a global evaluation
of agricultural production in Spain as well as the value of pasture and woodland
production.7This latter publication is especially important, not only because it is
the most detailed in the first third of the twentieth century, but because it offers
differentiated data according to harvested and cultivated areas.
The 1922 compilation continued to be produced following new legislation in 1927
that established a semi-direct method requiring farmers to declare cultivated areas.
Over this period, the Local Agricultural Information Boards, a new administrative
layer, was established at the municipal level to check the veracity of information
provided by farmers. The provincial agronomic section had the task of verifying
the accuracy of the surface data, calculating average yields per hectare and, finally,
obtaining the production figures. As a result, the Statistical Yearbooks of Agricultural
Production started to be published as from 1928. They collected all agricultural
productions annually for the first time. It would be a fundamental part of Spain’s
agricultural statistics until the creation, in 1972, of the Yearbooks of Agricultural
Statistics (that refound agricultural, forestry, and livestock statistics).8 Despite the
fact that the 1927 rule change led to more complete information, not all reliability
problems were solved. Some production data, such as horticultural production, are
4However, only that of 1912 has reasonably reconstructed the uses of land and production. The
livestock report of 1891 is more complete in this sense than that of 1904. Ministry of Agriculture,
Industry, Commerce and Public Works, meadows and pastures. Summary made by the Agricultural
Advisory Board of the reports on this subject submitted by the chief engineers of the National
Agronomic Service section, Madrid, Imprenta de los hijos de M.G. Hernández, 1905. Ministerio de
Fomento, Dirección General de Agricultura, Minas y Montes, Avance estadístico de la riqueza que
en España representa la producción media anual de Pastos, prados y algunos aprovechamientos
y pequeñas industrias zoógenas anexas. Resumen hecho por la Junta Consultiva Agronómica de
las memorias de 1912, remitidas por los ingenieros del servicio agronómico provincial, Madrid,
Imprenta de los hijos de M.G. Hernández, 1914.
5Ministerio de Fomento, Dirección General de Agricultura, Minas y Montes, Avance estadístico
de la riqueza que en España representa la producción media anual de árboles y arbustos frutales.
Tubérculos, raíces y bulbos. Resumen hecho por la Junta Consultiva Agronómica de las memorias
de 1910, remitidas por los ingenieros del servicio agronómico provincial, Madrid, Imprenta de los
hijos de M.G. Hernández, 1913.
6Ministerio de Fomento, Dirección General de Agricultura, Minas y Montes, Avance estadístico
de la riqueza que en España representa la producción media anual de las plantas hortícolas y
plantas industriales. Resumen hecho por la Junta Consultiva Agronómica de las memorias de
1911, remitidas por los ingenieros del servicio agronómico provincial, Madrid, Imprenta de los
hijos de M.G. Hernández, 1914.
7Ministerio de Fomento, Dirección General de Agricultura, Minas y Montes, Avance estadístico
de la producción agrícola en España. Resumen hecho por la Junta Consultiva Agronómica de
las memorias de 1922, remitidas por los ingenieros del servicio agronómico provincial, Madrid,
Imprenta de los hijos de M.G. Hernández, 1923.
8All the yearbooks, as well as the previous annual statistics, are digitized in http://www.mapama.
gob.es/es/estadistica/temas/publicaciones/anuario-de-estadistica/ retrieved on June 26, 2018.
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expressed in non-metric units and non-convertible measures (units and bundles). In
the case of forage plants, the 1922 advance describes major maize-related cultivation
in the northwest that only started to be reflected in the Yearbooks in the 1940s
(Soto Fernández 2006). Problems could still be found in recent decades. In 1983,
José Manuel Naredo pointed out that statistics had been progressively simplified
(in physical terms) and that yearbooks did not explicitly describe the methodology
used to collect information making it difficult to review them critically (Naredo
1983). Spanish agricultural statistics are generally variably assessable, especially
those provided in the first decades of statistical service. The consensus (GEHR 1991)
is that the biggest problem is that of measuring surface area for lack of a cadastre
covering the whole territory. Nevertheless, information quality has visibly improved
over time, and data on Mediterranean agrarian system’s hard core (cereals, vineyard,
and olives) have been relatively accurate.
Either way, we have to rely on these data sets as starting information to reconstruct
Spanish agriculture biomass flows. The first step (followed to calculate the NPP
described above) was to calculate domestic extraction of biomass. To begin with,
in order to solve the problem of incomplete annual crop statistics over the whole
period, we chose to rebuild the evolution of biomass extraction based on 12 points
in time (1900, 1910, 1922, 1933, 1940, 1950, 1960, 1970, 1980, 1990, 2000, 2008)9
organized into crop yield 5-year averages whenever possible. We had to perform a
data estimation for the 1900–1933 period. Horticultural crop production that was
not expressed in kilograms was obtained by multiplying the surface area by average
yields from the early 1950s.10 For 1933, data from 1922 were replicated for forages
not included in the yearbooks over those years. To calculate 1900 forages, we took the
1891 advance surface data information and used the same yields as in 1910. For fruit
trees and industrial crops not accounted for in 1900, we replicated the 1910–1922
trend for the 1900–1910 period.
This first set of data was based on statistics as well as estimations for products not
included at the start. The set enabled us to reconstruct the entire Spanish crop primary
production or grain production between 1900 and 2008. It was also necessary to
know the broad categories of the production’s destination (human food, animal feed,
seeds, industrial materials, fuel) to rebuild this information and that of biophysical
flows. This helped to differentiate between broad net primary production categories
(socialized plant biomass and reused biomass) and to estimate domestic extraction,
as well as total biomass consumption, food consumption, and the possibilities of
livestock feeding. There was not enough accurate information for the first decades of
the twentieth century to estimate the destination of crop production. But since 1961,
91922 is justified as the year of publication of the 1922 advance. 1933 is chosen for two reasons.
The first reason is methodological, to avoid using the means of the first years of operation of the
statistical system of 1927. The second is historiographic: 1933 allows us to have a chronological
point of reference portraying agriculture during the republican stage. The year 2008 can be justified
by the fact that at the time we conducted calculations, the latest data published were from 2010, so
we had to use the mean between 2006 and 2010.
10We opted for the yields of the 1950s to solve the problem of the generalized fall in yields in the
postwar period observed for most crops.
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the FAO11 database offers an annual series of biomass production destinations. We
used this series for the 1960–2008 period. For the previous period, we considered the
same percentages as for 1960, since Spain’s agricultural industrialization was just
beginning.
To rebuild domestic extraction, i.e., society-appropriated biomass, we also needed
to know society’s use of residue production, either to generate energy (firewood) or to
feed livestock, and evaluate the amount of burned biomass that was not recirculated in
agroecosystems. The EW-MFA literature usually calculates residue based on fixed
utilization rates based on harvest rates that are usually fixed as well (Wirsenius
2003). This method, however, cannot be applied in the case of a historical analysis
for several reasons. Firstly, as pointed out in the description of the NPP calculation
methodology, varietal changes led to a reduction in straw production compared to
that of grains as the Green Revolution’s technologies were progressively introduced.
Second, changes in livestock structure have also led to a drop in the weight of straw
with respect to animal feed. Finally, changes in the energy systemmeant that firewood
lost significance as a fuel, although this evolution took place later and less steadily
than usually described (Infante-Amate and IriarteGoñi 2017).
Fortunately, from the outset, Spanish agricultural statistics included information
on the amount of straw harvested from cereals and legumes, which we can relate
to the amount of straw actually used (mainly as animal feed). This enabled us to
elaborating a series of straw harvest indexes used. In all cases, the amount of straw
used gradually declined throughout the twentieth century, as shown in Table A.1.1.
The statistics do not provide information on residues for the remainder of the crops.
Based on the harvest indexes of Guzmán et al. (2014), we estimated a 10% use of
total residues in the case of tubers and horticultural plants. In the case of woody crop
firewood, the statistics offer partial and discontinuous information on some crops
(vineyards and olives but not fruit). We made our own estimate on the amount of
firewood from woody crops based on a systematic search for yields.12 In the case of
biomass domestic extraction, burned residue quantities are usually included in the
appropriation of biomass (Eurostat 2015). There is no evidence of residue burning
in Spain until after 1940. We assumed that the burning of residues began in 1950
and gradually increased until reaching a peak in 1970. Residue burning has dropped
sharply since it was restricted by 1990 legislation. We used data from the National
Emissions Inventory to calculate the percentage of residues burned before and after
1990 (MARM 2008a, b, c).
Though we could rebuild crop production reasonably well by simply using esti-
mates for some products at the beginning of the series, we could not do the same for
pasture and forestry production. There are no physical estimates of pasture produc-
tion and utilization (except for a limited period between 1973 and 2003, though data
are incomplete). As we explained previously, to solve this problem we calculated
pastures’ NPP based on representative studies of three major Spanish agroclimatic
regions. These productivity data per hectare were related to the evolution of land uses
11http://www.fao.org/faostat/es/#home. Retrieved on June 29, 2018.
12This estimate is detailed in Infante-Amate et al. 2014a, b).
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broken down per province over the entire period. To calculate the biomass actually
grazed, we applied a livestock feed balancemodel similar to that used in other studies
(Krausmann et al. 2008). The estimates are detailed below since they are directly
related to livestock data. We calculated, on the one hand, the livestock feeding needs
from the livestock censuses; on the other hand, we calculated the availability of food
for livestock from crops and residues, as well as food from foreign trade. The grazed
biomass is the difference between the availability of food from crops and trade and
stockfeed needs.
Firewood and wood statistics were published later than agricultural data. They
began in 1946 with the publication of Spain’s Forestry Statistics (subsumed as from
1972 in the Yearbooks of Agrarian Statistics). But the data from the first years are
problematic, especially regarding firewood. Serial data are only provided from the
late 1950s. We had to make several estimates for the previous period (Iriarte, 2013;
Infante et al. 2014c). Wood extraction was considered to be equal to consumption
(for which we dispose of serial data since the nineteenth century) deducting exports
plus imports. We calculated firewood extraction by systematizing and homogenizing
the evolution of land uses at a provincial level. We then applied yield data per hectare
taking into account regional variability and historical changes in forest production.
To this end, a systematic review of various Spanish sources was conducted.
A.1.2 The Reliability of Livestock Censuses
The criticism of Spanish livestock statistics that recurs the most is that found at
the time by GEHR (1991) in the Spanish agricultural statistics compilation between
1865 and 1935. The group gathered all livestock counts carried out between 1865
and 1933, only 6 of which provided some complementary information beyond the
number of heads.13 Along with the quantitative information, the reports of the Agro-
nomic Advisory Board of 1891 and 1917 provide a huge amount of highly valuable
complementary information on the changes in races and average weights, livestock
management, and productions (Ministerio de Fomento, 1892, 1920). In most cases,
such precarious information makes it very difficult to know when to trust the cen-
suses. Furthermore, in pre-Civil War censuses, we cannot be sure whether offspring
were included except for the counts in 1865, 1917, 1920, 1924, 1929, 1931, 1933,
and 1935. These problems among others have caused many authors to doubt the
validity of the 1891 census and, even that of the early twentieth century censuses
(Simpson 1989; Jiménez Blanco 1986; Gallego 1986), and to seriously question the
evolution of Spanish livestock based on this data.
13They are the censuses of 1865, 1917, 1920, 1924, 1929, and 1933, to which we added the cor-
rections made to the census of 1929 in 1931, published in the Statistical Yearbook of Agricultural
Production of that year, plus the census of 1935 that the GEHR does not include (Sierra & Sierra,
1938).
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This does not much improve in the years immediately after, neither in terms of
quantity of data nor reliability of the figures. Quite the reverse. Between 1939 and
1959, we only dispose of counts for 6 years: 1939, 1940, 1942, 1948, 1950, and
1955. The last three censuses do not include offspring aged under one year. The first
three, in turn, offer numbers that are relatively similar to those of the first half of
the 1930s and fairly higher than those of the 1960s. These figures do not seem very
trustworthy, given the negative impact that the war and postwar period should have
had on labor and transport cattle raising as well as income livestock. In fact, the
statistics show a significant drop in livestock production (meat and milk), consistent
with food shortages confirmed by several studies, including one of our own analyses
onSpaniards’ apparent consumption (González deMolina et al. 2013).However, total
herd heads were as numerous as in the 1930s and there is no relationship between the
total number of heads and their productivity in terms of meat and milk. If pre-Civil
War censuses have been criticized for underestimating livestock, later ones can be
criticized for having overestimated them. We can corroborate this understanding,
however, by comparing availabilities and food needs, enabling us to know whether
the livestock reflected in postwar census could be fed with the feed available.
The situation would change substantially after 1960. As of that date, we dispose
of annual livestock censuses, with the sole exception of 1961. The methodology and
production dates (the vast majority are situated between September and November)
are consistent throughout providing a wide range of information beyond the number
of heads. There is a reasonable degree of certainty about the validity and homogeneity
of the series.
Another difficulty was that of converting census figures, expressed in number
of heads, and applying a single indicator expressed in kg or t, in live weight, which
allows comparing the different censuses and establishing a livestock series over time.
Virtually, no census offers live weight data, except for 1917 in the pre-war period and
several years during the 1950s and 1960s. For the period after 1950, it is relatively
easy to obtain live weight data or data on the average weight of manure-producing
species in the censuses. For the period before that, however, the issue is much more
problematic. The majority of historiographic authors (GEHR 1978, 1979; García
Sanz 1991; Muñoz Rubio 2015) have opted to use the average weight data provided
by Flores de Lemus (1951).
However, this choice does not seem adequate: It does not take into account live-
stock breed changes brought about during the first third of the twentieth century
(Fernández Prieto 1992), nor the stockfeed transformations, i.e., the greater pres-
ence of forage and grain compared to the pasture that prevailed in the nineteenth
century. We tried to solve this problem by analyzing the information available in the
1891 and 1917 advances or records for all Spanish provinces, constructing two series
of average weights for each of these years (Table A.1.2). As shown in Table A.1.2,
our figures are similar to those of Flores for 1917, but not for 1891, suggesting that
significant changes took place between 1891 and 1917, especially regarding cattle.
We performed our own calculations based on the 1891 and 1917 compendium, the
post-Civil War censuses, the 1865 census, and estimates by García Sanz for 1752.
Using this estimate, we drew a linear evolution of the live weight of Spanish livestock
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Table A.1.2 Average livestock weights according to different sources, in kilograms
1891 1917 Flores de Lemus
Cattle 270 375 371
Sheep 33 33 30
Goats 33 33 34
Pigs 62 69 77
Horses 325 325 326
Mules 325 359 326
Donkey 182 182 172
Source 1891: Author’s compilation based on the Ministerio de Fomento, 1892, 1917: Author’s





























































Graph A.1.1 Live weight of livestock in Spain, censuses data, in tons. Sources Author compilation
based on GEHR (1991), Sierra & Sierra, 1938, Spanish Statistics Yearbooks, Agricultural Statistics
Yearbooks
from the mid-eighteenth century to 2012, excluding poultry or rabbits. The results
are shown in Graph A.1.1.
The evolution shown in the graph reveals the problems related to livestock data
sources. The drop between 1865 and 1891 seems excessive. Figures for the last
decades fail to include poultry or changes to pig livestock that produced offspring
practically all year roundwhen the sector became industrialized, leading us to believe
total livestock live weight is underestimated for those years. However, it is one
thing to point out the problems of censuses and quite another to establish corrective
mechanisms. Despite this, we tried different alternatives to correct the figures. In the
following section, we explain the comparisonmechanisms relating to livestock in the
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first half of the twentieth century. The results show that the only years of the first half
of the twentieth century that seem to include a significant census underestimation
are those of the first two decades of the twentieth century (the 1891 census would
also be logically underestimated). Based on this same method, the livestock census
figures of the 1920s and the first half of the 1930s are unlikely to be underestimated,
because apparent consumption is fairly balanced given livestock needs. As a result,
we increased the number of heads showed in the censuses between 1891 and 1917
to balance needs with apparent consumption. It is not possible to carry out the same
exercise for the whole of Spain for 1865, since we lack detailed information on
agricultural production. Nevertheless, according to most historiographic sources,
this census is not overestimated.
As we have seen, a major postwar census problem is the exclusion of offspring
in 1948, 1950, and 1955 censuses. To solve this problem, we increased the census
of 1948, 1950, and 1955, applying the factor of correction proposed by Galindo
(1969), that is, adding a number of offspring equivalent to a percentage of the total
heads of each species: 23% for sheep, 22% for cattle, 19% for goats, 42% for pigs,
11% for horses, 3.5% for mules, and 5.7% for horses. When taking this adjustment
into account, the census figures are still somewhat higher than those of the 1960s,
although lower than those of 1939, 1940, and 1942.
The last problem we addressed is the exclusion of poultry and rabbits. Very few
censuses offered data throughout the twentieth century. We have some information
on poultry for the years 1908–12, 1929, and 1933. The censuses after 1955 provide
the number of layers and, between 1955 and 1970, the number of adult animals.
This information is, however, insufficient since it does not reflect the importance
that poultry began to adopt as meat providers. To correct these deficiencies, we first
calculated the number of adult animals, increasing the percentage of layers according
to what share they would represent all adult animals for 1955–1970.We added to this
figure the number of poultry slaughtered for meat. This estimate obviously has many
weaknesses, but it is the only possible estimate we have today that allows evaluating
the role of the poultry sector in the growth of Spanish livestock. For the series prior
to 1908, we assumed that chickens accounted for the same percentage of livestock
as in 1908–12.
Rabbits were less important quantitatively.We also counted the number of slaugh-
tered animals and increased this figure by a percentage based on an estimate of breed-
ing rabbits, taken from the years for which we did have this information. There were
no data for this category before 1940, so we assumed that rabbits’ share of livestock
was the same as the average in 1940–43. The results of both estimates are shown
in Graph A.1.2 for the 1891–2012 period. There is no doubt the census adjustments
proposed in this work should be approached with great caution and used exclusively
as an initial estimate to be compared with a more disaggregated territorial analysis.
However, we do believe that the data provide a more accurate picture of the evolution
of livestock than the raw data found in the censuses.































































Graph A.1.2 Live weight of Spanish livestock. Estimate based on data presented in this annex, in
tons. Source See text
A.1.3 Adjusting Spanish Livestock in the First Third
of the Twentieth Century
As explained above, we have reasons to doubt the reliability of livestock censuses of
the first half of the twentieth century. Studying the mechanisms used to draw up the
censuses, which is only possible in some cases, does not allowmaking any reasonable
hypothesis about how to correct the data. That is why we chose to compare the needs
of livestock with livestock feed availability. Censuses in 1865 were only established
for some provinces, and among these, Cordoba is the province offering the greatest
quantity and quality of information. We are thus going to focus on Cordoba and
perform an in-depth study of the livestock censuses, thus drawing conclusions that
will be of utility for the whole of Mediterranean Spain. Also worthy of note, we
consider that the statistical sources for the following agricultural crops be reliable:
cereals, legumes, forage foods, and meadows, as explained in Annex I.
The objective is to adjust the livestock area density and use these figures to calcu-
late the amount of plant biomass from the pasture lands and natural meadows during
that period consumed by livestock, in kg of dry matter. The working hypothesis is
that the 1906 to 1917 livestock censuses were underestimated. Our adjustments to
livestock density for Cordoba Province were based on the following four assump-
tions:
1. Farm livestock should be reasonably adjusted to traction needs.
2. Livestock feeding needs should be consistent with available feed at all times.
236 Annex I: Calculation of the Physical Production Series of Spanish …
3. Given its economic function and itsmanagement, the stabled cattle (adult equines
and among adult cattle that dedicated to labor, milk production, and stallions)
would consume mostly quality foods (grains, straw, and fodder); therefore, these
stockfeed needs should also correspond to food supply.
4. Livestock density on pasture land, reserved mainly for income animals (sheep,
goats, pigs, and beef cattle)14 and young stabled cattle animals (horses and beef
cattle) should correspond to their maintenance capacity. Specifically, we con-
sidered that a realistic percentage of use of pastures would be a 40–60% use
of its potential, taking into account that below 40% of use, a low-cost resource
available would be squandered, and above 40%, overgrazing could occur, given
that wild herbivores also consume the same resource.
The heads of cattle collected in livestock censuses have been transformed into food
needs (gigajoules of metabolizable energy). Likewise, feedstock supplies (grains,
straw, fodder, grass) were transformed into metabolizable energy. The feed supplies
include what is produced in the area under study added to the corresponding share of
the balance of imports minus exports of livestock feed. In no case did we include the
residues from agroindustries (beer, flour, sugar, olive, wine, etc.), nor any vegetal or
potato residues, nor any grazing of rainfed or irrigated fruit trees. We did not include
either any other by-products such as those deriving from fruit tree pruning (including
olive groves.).
Livestock energy needs were calculated according to species, sex, age, livestock
dedication (labor, meat, milk, etc.), and the type of management (stabled versus
grazing). Given the significant energy cost of dairy production, the amount of milk
production was also taken into account for milk cows
For 1929–30, the supply of livestock cattle labor is adjusted to the needs. The size
of the available food supply is also adjusted to demand, implying a pasture density
of 0.20 LU/ha, accounting for 50% of Cordoba Province’s potential. Therefore, the
livestock census seems to have provided relatively reliable figures.
We did not calculate supply and demand of work animals for 1865, since there
are no data on land uses and production to work on. We believe the census is reliable,
based on historiographic conclusions cited at the beginning of this annex. Further-
more, the livestock figures really do not seem to be underestimated, since the amount
of available quality food represents 62% of the needs of the stabled cattle (in other
considered years, this share would be above 100%) and the pasture grazing density
would be the largest in the series (0.26 LU/ha) (Graphs A.1.3 and A.1.4). This year
is an important year of reference.
For 1902, 1910, and 1917, we can confirm that the supply of work animals is well
below the needs, implying that censuses for those years underestimated the figures.
Given the suitable quality of the basic data available, supply and demand are adjusted
(adult work animals multiplied by 2.04 in 1902, by 1.508 in 1910, and by 1.158 in
14These decisions are based on the cattle census records of 1917. Ministerio de Fomento. Dirección
General de Agricultura, Minas y Montes, Estudio de la ganadería en España. Summary by the
Junta Consultiva Agronómica de las memorias de 1917, remitidas por los ingenieros del Servicio
Agronómico Provincial, Madrid, Imprenta de los hijos de M.G. Hernández, 1920.



























Graph A.1.3 Potential livestock density of Cordoba Province pastures and real cattle density
adjusted to work animals in 1900, 1910, and 1917. Income livestock is modified in 1900 and





























Graph A.1.4 Rate of coverage of stabled cattle needs for quality feed (work animals are corrected).
Source Own estimation
1917. Work animals offspring multiplied by 1.289 in 1902, by 1.131 in 1910, and by
1.039 in 1917). We calculated the food needs of the modified cattle herd based on
this data (Graph A.1.5).
With this modification, the 1917 livestock feed needs are consistent with the
amount of available food, giving rise to a livestock density of 0.21 LU/ha. However,
the 1902 and 1910 livestock figures would give us very low livestock pasture den-
sity (0.09 and 0.12, respectively), which would represent a sharp drop from the 0.26
LU/ha figure provided for 1865. This situation seems implausible, since it would
also imply that agricultural land was used to feed livestock, while pastures remained
underutilized. Therefore, we arbitrarily increased the income livestock for those two
years, multiplying it by 2.5 in 1902 and by 2 in 1910. In this way, the pasture live-
stock density would remain at 0.20 LU/ha, similar to 1910 and 1917 figures (Graph
A.1.3). It would lower the 1865 livestock density, but no longer dramatically (Graph
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Graph A.1.5 Metabolizable energy provided by pastures and quality food to meet the needs of
livestock, after modifying the livestock in 1900, 1910, and 1917. Source Own estimation
A.1.3). This less dramatic fall would be consistent with pasture area reductions to
the benefit of cropland. On the other hand, in energy terms, pastures’ contribution
to metabolizable energy would remain almost constant over the period, which is a
reasonable assumption. If we accept this data, we can conclude that income cattle
concealment was proportionately greater than that of work animals in 1900 and 1910.
Based on Cordoba’s case, we can draw further conclusions after modifying live-
stock figures applicable to the rest of the Mediterranean area (both dry and semiarid
regions).
The share of quality livestock feed trended upward (29% in 1865, and 36, 38, 42,
45% in 1929) compared to that of pasture feed, which in absolute values remained
at around 4.5–5 million GJ, while its contribution in relative terms dropped (Graph
A.1.5). It went from71% in 1985 to 55% in 1929. Thismakes the adjustment between
quality food and stabled cattle unstable. Thus, if the coverage ratio of the metabo-
lizable energy of quality food was 0.62 of stabled cattle needs in 1865, it was 1.08%
in 1902, 1.12% in 1910, 1.17% in 1917, and finally, 1.31 in 1929 (Graph A.1.4).
The stocking rate remained at 50% of pasture density capacity; therefore, over-
grazing does not seem to have caused the overexploitation of woodlands. It would
reach 65% only in 1865. Deforestation was undoubtedly due to the collection of fire-
wood, although livestock could have had a negative effect, even at very low density,
on reforestation due to feeding on young shoots of sprouts and seedlings.
Based on the Cordoba livestock study, we performed livestock adjustments for
dry and semiarid regions of Spain. We contemplated similar criteria for the Spanish
Mediterranean coast, though wewere limited bymissing data for 1865, and we could
not adjust employment supply and demand either. Therefore, we mainly relied on
feedstock balance and followed the logic established in the case of Cordoba.
Considering the 1929 census ismore dependable,we obtain results similar to those
of Cordoba for the same year. Pasture stocking density would be 0.13, approximately
50% of the potential density (approximately 0.3) (Graph A.1.6). Likewise, the likely
percentage of quality food metabolizable energy would be 136% of stabled cattle
needs (Graph A.1.7), thus following the same pattern as that of Cordoba in that year.


































Graph A.1.6 Potential livestock density of pastures in dry and semiarid Spanish regions, and real
livestock density adjusted for work animals in 1900, 1910, and 1917 and income livestock in 1910
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Graph A.1.7 Ratio of stabled livestock needs covered by quality feed. Source Own estimation
By 1900, 1910, and 1917, pasture livestock density would be low, that is: 0.09
LU/ha for 1900 and 1910, and 0.1 LU/ha for 1917. On the other hand, the ratio of
quality feed with respect to stabled cattle needs would be 1.18% in 1902, 1.28% in
1910, and 1.30% in 1917. These values are higher than those of Cordoba Province.
Both indicators, cattle grazing density and adjustment to quality food needs, would
suggest that income livestock and stabled cattle in these years were underestimated,
but as we will see, to a much lesser extent than in the province of Cordoba for the
years 1902 and 1910.
Graph A.1.8 shows the contribution of metabolizable energy from pastures and
quality food to the maintenance of labor livestock. The model presents a major dif-
ference with that of Cordoba. In the case of Cordoba, pastures would contribute more
than quality food, although this difference would progressively narrow down. Based
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GraphA.1.8Metabolizable energy provided by pastures and quality feed to satisfy livestock needs.
Source Own estimation
solely on (unmodified) livestock census data, this situation of pasture preeminence
would never have existed throughout the Mediterranean coast. It would only come
about at the start of the century if we accept themodifications to the censuses of 1900,
1910, and 1917. In any case, the gap between both contributions grew, showing that
the increase in livestock had to be based on the consumption of food of agricultural
origin, a trend that has continued until today. Cordoba’s lesser dependence (in per-
centage) on agricultural food is logical considering the higher quality of its pastures
and grasslands compared to the Mediterranean coast average.
Considering the same percentage of labor livestock concealment in 1917 (let us
recall that it was not necessary to adjust the income livestock in Cordoba that year),
the pasture livestock density would be 0.12 LU/ha, i.e., similar to that of 1929, and
this would be plausible as it would represent 40% of its capacity. In addition, the
adjustment of quality food to stabled livestock needs would be 1.14% that would be
similar to the case of Cordoba for the same year.
In 1902, the percentage increase applied in the case of Cordoba would be exces-
sive if used for the whole of the Spanish Mediterranean coast, generating values of
0.3 LU/ha of pastures (100% of the potential). In 1910, if we applied the Cordoba
percentage of increase of labor and income livestock, we would obtain a pasture den-
sity of 0.23 that also seems high and would mean that in the following years it would
undergo a sharp fall reaching 0.13. This drop would be inexplicable. Therefore, it
is conceivable that concealment in Mediterranean provinces as a whole was less of
a significant phenomenon than in Cordoba. Taking into account the two adjustment
criteria of food demand to needs (livestock density in pastures and adjustment of the
stabled livestock to quality feed supply), the correction of the livestock censuses of
1902, 1910, and 1917 would be as described in the following paragraphs.
Annex I: Calculation of the Physical Production Series of Spanish … 241
In 1902, the rise was 20% of that of Cordoba’s for labor livestock and would be
multiplied by 1.2 for income livestock. By 1910, the increase would be one-third
of Cordoba’s for livestock while the income livestock in the census would multiply
by 1.15. In 1917, labor livestock would multiply by the same percentage as in the
case of Cordoba for the same year. That year’s income livestock would not change.
Specifically, adult work animals was multiplied by 1.208 in 1902, by 1.169 in 1910,
and by 1.158 in 1917. The number of working cattle wasmultiplied by 1.058 in 1902,
by 1.044 in 1910, and by 1.039 in 1917. Income cattle increased by 1.2% in 1902
and by 1.15% in 1910.
With these increases, the pattern of livestock density (that was stable over the
period) and the coverage ratio of the quality food needs of stabled cattle would be
similar to those found for Cordoba. The results shown in Graph A.1.8 would also be
more adjusted, since it would seem nonsensical that the agricultural area aimed at
animal feed would increase significantly, while pastures remained underutilized.
Finally, wemust remember thatwe have been very conservativewith our estimates
of livestock modifications. On the one hand, as mentioned, we did not include some
of the feed (by-products from agri-industry, rainfed fruit pastures, etc.) on the supply
side. On the other hand, we applied a very cautious level of livestock density (50%
of the potential) (Table A.1.3).
For the Atlantic provinces, we do not suggest any modifications. It would be nec-
essary to add the livestock of Galicia, Santander, Asturias, Vizcaya, and Guipúzcoa.
We applied the same methodology to evaluate the reliability of the 1940 livestock
census, based on Cordoba data. As indicated, a historiographical consensus exists on
the decline of livestock census figures during the Civil War. It is therefore surprising
that this fall is not reflected in the 1940 census. However, our data checks led us to
discover that there was no major problem in feeding the livestock in 1940. It is true
that the livestock density is higher than that figuring in the 1940 censuses, but this
density does not imply there was an excessive pressure on pastures, accounting for
33.9% in the case of Cordoba and 35% if we extrapolate the data to the whole of
Spain. Therefore, based on the information obtained frommatching feed availability
on the one hand and labor livestock needs on the other, the 1940 census change is
not justified (Table A.1.4).
How can we explain this behavior? Our hypothesis is that this large amount of
livestock is the result of the strategy of allowing a high share of offspring to reach
adulthoodwithout being slaughtered in order to replace the livestock losses during the
war. Indeed, the number of young (nonproductive) animals is considerably higher
in 1940 than in subsequent censuses (Graph A.1.9). This reflects a change in the
structure of livestock and does not invalidate the thesis of a livestock decline during
theCivilWar.Most of these animals are therefore unproductive, and this is compatible
with the fall in livestock production (meat and milk) reflected in statistics from the
forties onward.
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TableA.1.3 Resulting livestock on the SpanishMediterranean coast in 1900, 1910, 1917 and 1929,
in number of head
Cattle
Year Total animals 0–3 years >3 years
Stallions +
Bulls
Labor Milk cows Other cows
1906 1,291,847 359,120 24,842 533,864 187,586 186,435
1910 1,375,109 383,739 26,900 559,448 203,134 201,888
1917 1,641,887 458,359 32,286 665,133 243,802 242,306
1929-30 1,737,986 499,840 36,581 650,790 276,235 274,540
Sheep
Year Total animals <2 years >2 years (castrated) >2 years
Male Female
1906 15,670,529 4,310,752 1,017,962 414,580 9,927,235
1910 17,288,932 4,755,953 1,123,094 457,396 10,952,489
1917 15,767,847 4,337,523 1,024,284 417,154 9,988,886
1929-30 18,206,834 5,008,456 1,182,721 481,680 11,533,977
Goat




1906 2,883,596 760,867 123,329 89,113 1,910,288
1910 3,351,654 884,369 143,347 103,578 2,220,361
1917 3,254,639 858,770 139,198 100,580 2,156,091
1929–30 4,132,057 1,090,286 176,724 127,695 2,737,352
Pigs
Year Total animals <12 months >1 year
Males Reproductive females Feed
1906 1,696,652 613,352 21,171 193,442 868,688
1910 2,032,105 734,621 25,357 231,688 1,040,440
1917 2,724,080 984,775 33,991 310,582 1,394,732
1929–30 3,732,008 1,349,148 46,568 425,500 1,910,792
Horses
Year Total animales 0–3 years Labor Mounting
1906 427,464 75,530 326,121 25,813
1910 486,094 87,102 368,825 30,167
1917 501,318 90,121 379,835 31,362
1929–30 495,819 96,403 364,559 34,857
(continued)
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Table A.1.3 (continued)
Mules
Year Total animals 0–3 years Labor Mounting
1906 919,709 121,718 739,462 58,529
1910 983,871 132,148 787,326 64,396
1917 1,058,022 142,593 845,609 69,821
1929–30 1,135,595 166,276 884,727 84,592
Donkeys
Year Total animals 0–3 years Labor Mounting
1906 839,543 85,576 698,667 55,300
1910 905,242 93,695 750,188 61,359
1917 926,749 96,260 767,147 63,342
1929-30 918,793 104,004 743,682 71,107
Source Own estimation






















































Graph A.1.9 Percentage of offspring per mother according to type of livestock
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Annex II
Historical Evolution of the Spanish Agrarian
Metabolism and the Spanish Economy
Metabolism
A.2.1 Historical Evolution of the Spanish Agrarian
Metabolism
The tables of the first part of this annex are referred to as the historical evolution of the
Spanish Agrarian Metabolism (1900–2008) in the units specified in each case. The
different series come from the sources described in Annex I (Tables A.2.1.1, A.2.1.2,
A.2.1.3, A.2.1.4, A.2.1.5, A.2.1.6, A.2.1.7, A.2.1.8, A.2.1.9, A.2.1.10, A.2.1.11,
A.2.1.12, A.2.1.13, A.2.1.14, A.2.1.15, A.2.1.16, A.2.1.17, A.2.1.18, A.2.1.19,
A.2.1.20, A.2.1.21, A.2.1.22, A.2.1.23, A.2.1.24, A.2.1.25, A.2.1.26, A.2.1.27, and
A.2.1.28).
A.2.2 Historical Evolution of Spanish Economy Metabolism
The tables of the second part of this annex are referred to as the evolution of the
metabolism of the Spanish economy in terms of biomass (1900–2008) in the units
specified in each case. The different series come from the sources described above
in Annex I (Tables A.2.2.1, A.2.2.2, A.2.2.3, A.2.2.4, and A.2.2.5).
© The Author(s) 2020
M. González de Molina et al., The Social Metabolism of Spanish
Agriculture, 1900–2008, Environmental History 10,
https://doi.org/10.1007/978-3-030-20900-1
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Annex II: Annex II: Historical Evolution of the Spanish Agrarian ... 281
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